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CHAPTER I 
Significance of the. Study 
The culture of our contemporary society has become a liability 
to the health and well.;_being of modern man. The advancement of 
technology resulting in automation and a busy mode of living has caused 
physical inactivity to become increasingly prevalent in our society. 
When other factors such as obesity, high fat diets, cigarette smoking, 
· and emotional stress are added, the end-product is an alarming increase 
in the incidence of diseases of the heart and lungs. 1 A study con­
ducted by President Johnson's Commission on Heart Disease found that 
diseases of the heart and bloodstream account for .54. 8 percent of the 
deaths in this country from all causes. 2 Admittedly, �ch diseases are 
multifactorial in cause, but inactivity appears to assume an increas­
ingly important role. Although man's culture has changed, his physi­
ological .framework has not. His body is designed to function most 
efficiently through activity. A sedentary existence will impair the 
optimal functioning of the human body. 3 Only by engaging in such 
1Kenneth H. Cooper, M. D. , "The Role of Exercise in our 
Contemporary Society, " Journal of Health, Ph.ysical Education and 
Recreation, 40122, May, 1969. 
2Charles B. Wilkinson and James D. Atwater, Modern Physical' 
Fitness, (New Yorks Viking Press, 1967), P• 6. 
3American Association for Health, Physical Education and 
Recreation, "Fitness for Youth, " Journal of Health, Physical Education 
and Recreation, 39148-9, September, 1968. 
'l 
activities whereby man will be sweating freely and breathing hard will 
he be able to protect himself against our number one killer, coronary 
heart disease.4 
Physical fitness in this study refers to. cardiorespiratory 
fitness, which includes the lungs, heart and blood vessels. Without 
adequate reserves in the cardiorespiratory systems, a person is not 
2 
·prepared to meet the common or unusual stresses of daily living. With 
exercise the heart becomes stronger and larger, with a resultant 
increased stroke volume, both at rest and during exercise. There is 
also an improvement in the vascular system, specifically in the col­
lateral blood supply to the-heart, which lessens the likelihood of 
succumbing �o an occlusive heart attack. With regular exercise, 
improved pulmonary ventilation may also occur. Accompanying these 
physiological improvements may be a change in spirit since exercising 
subjects tend to feel better, look better, ;ind as a result, improve 
their self-image. 5 
The benefits of being physically fit are generally accepted, 
but in the fast-moving society of today people often find it difficult 
to allot regular periods of time for exercise. When they do have some 
spare time, they generally desire to spend it in an enjoyable manner. 
With these factors in mind, it is imperative that a physical conditioning 
4w11kinson and Atwater, ..21!• cit., p. 5. 
Scooper, .2E• cit. , p. 2J. 
program be designed wherein the subjects can develop and maintain 
good cardiorespiratory fitness with a minimum of physical activity. 
Knowledge in this area is lacking and further study is needed to gain 
the information necessary to develop an effective minimal physical 
activity program. Sld.nner concurs by stating thata 
More research is definitely needed to fill the gaps in our 
lmowledge concerning _the optimal amount of exercise required to 
elicit a training response. Wliat is also needed is information 
on the minimal amount of activity needed to !nduce and maintain 
an adequate level of cardiovas_cular fitness. 
A program designed for this purpose would benefit not only those who 
find it difficult to fit exercise time into their schedule, but also 
the people who might become discouraged and cease exercising altogether 
if they find it to be too difficult and unpleasant. 
A minimal exercise program has implications not only for the 
general public, but also for the area of sports, where coaches and 
athletes are concerned in knowing the minimum intensity and duration of 
exercise that can be employed in an off-season training program, and 
still maintain a sat�sfactory level of cardiorespiratory fitness. 
Statement of the Problem 
The purpose of this study was to investigate the effects of 
selected training intensities and durations in order to determine a 
minimal training program necessary to improve and maintain cardiorespira­
tory fitness. The parameters measured were: maximal oxygen uptake, 
6J. s. Skinner, "Commentaries," Canadian Medical Association 
Journal, 96,900, March, 1967. 
4 
maximal pulmonary ventilation, maximal heart rate, oxygen pulse, 
ventilation equivalence for oxygen, and forced expiratory volume for 
one second. (A concurrent study was conducted in which the parameters 
of blood cholesterol, body·fat percentage, ·and body weight were 
measured. 7) 
HyPothesis 
The following hypothesis was investigated& 
1. There is no significant difference in improvement of 
cardiorespiratory fitness among the six groups as a 
result of the training program. 
Limitations of the Study 
1. The subjects used were fifty male volunteers from the 
.freshman basic instruction classes in physical education 
at South Dakota State University. 
2. Only the bicycle ergometer was used as an exercise 
device in the training program. 
J. The training program consisted of a ten-week period. 
4. OU.tside physical activity of the subjects was controlled 
only to the point of agreement between the investigator 
and the subjects that they participate in as little 
physical activity as possible outside of the study. 
7Alan I. Molde, "The Effects of Selected Intensities and 
Durations of Exercise on Blood Cholesterol and Selected Anthropometric 
Measurements," (unpublished Master's thesis, South Dakota State 
University, Brookings, 1970). pp. 1-64. 
Definition of Terms 
Training period. The training period consisted of' a ten-week 
exercise program involving work on a bicycle ergometer at selected 
intensities and durations. Training and conditioning are considered 
synonymous terms in this study. 
5 
Intensity of exercise. The intensity of exercise refers to the 
degree of' difficulty of the exercise. In the study, work loads were 
performed at either 70 or 80 per cent of the subjects' maximal heart 
rate. 
Duration of exercise. The duration of exercise was the amount 
of time spent by the subject performing the exercise. The investigator 
used durations of ten, twenty, and thirty minutes. 
Cardiorespiratory f'i:tness. Cardiorespiratory fitness refers to 
the condition of the heart, 1ungs, and vascular system. Holmgren de­
scribed it as "the oxygen-forwarding capacity of the cardiorespiratory 
system."8 
Maximal oxygen uptake (Max V 02). Maximal oxygen uptake is the 
maximum amount of oxygen that can be supplied to the tissues of' the body 
per minute. '!his parameter is considered the best single means of 
8A. Holmgren, "Cardiorespiratory Determinants of' Cardiovascular 
F.i. tness," Canadian Medical Association Journal, 961697-702, March, 19$7. 
assessing the efficiency of the cardiorespiratory system.9 Maximal 
oxygen uptake is expressed both as an absolute rate of gas transfer 
(liters/min) and in relation to body weight (ml/kg/min) • 
• 
Maximal pulmonary ventilation (Max VE} • Maximal pulmonary 
ventilation is the maximum amount of air that an individual can move 
.into and out of the lungs as a ph��ological response to exercise. 
Oxygen pulse. - Oxygen pulse is the amount of oxygen delivered 
to the tissues per heart beat.lO 
• 
Ventilation equivalence for oxygen (VEQi)• Ventilation 
equivalence for oxygen is defined as a ratio of pulmonary ventilation 
to oxygen consumed. 11 
Forced expiratory volume for one second (FEV1•0). Forced 
expiratory volume for one second is the maximum volume of air that can 
be forced out of the lungs during the first one second of a forced 
expiration after a maximum inspiration. 
Maximal heart rate. Maximal heart rate is the greatest number 
6 
of heartbeats experienced by the subject during a maximum physical effort. 
9p. H. Brynteson, "The Effects of Training Frequencies on the 
Retention of Cardiovascular Fitness," (unpublished Doctoral dissertatioo, 
Springfield College, Springfield, Massachusetts, 1969), PP• 1-155. 
lOpeter V. Karpovich, Physiolo� of Muscular Activity, ( sixth edition, Philadelphia and London I W. • Saunders Company, 1965), 
PP• 130-148. 
CHAPTER II 
REVIEW OF THE RELATED LITERATURE 
The review of the related literature was directed to the area 
. of cardiorespiratory fitness and the effects of exercise upon it. The 
relationship of the parameters concerned facilitated the organization 
of the material into three major areas: (1) literature related to 
training intensity and d�ation, and cardiorespiratory fitness, (2) 
literature related to training effects on maxi�al oxygen uptake, maximal 
heart rate, and oxygen pulse, and {J) literature related to training 
effects on selected pulmonary measurements of cardiorespiratory fitness. 
'!he primary purpose of this review was to assess the c�rrent information 
relating to training effects on cardiorespiratory fitness in order to 
better understand and interpret the results of this study. In the pro­
cess of the review the investigator was .also able to become familiar 
with accepted techniques and procedures, and the operation of related 
apparatus and equipment. 
Literature Related to Training Intensity and Duration, and Cardio­
respiratory Fitness 
There has been an abundance of information published concenrl.ng 
the effects of physical training upon the cardiorespiratory systems of 
man. Studies have been done utilizing a wide variety or measurements, 
both functional and dimensional, to analyze changes in the cardiorespiratory 
system. This section is designed to present studies involving the 
variables, intensity and duration of exercise, as related to cardio­
respiratory fitness. 
8 
Cotton investigated the relationship of duration and intensity 
of a sustained voluntary isometric contraction to changes in endurance 
and strength in an attempt to determine whether strength or endurance 
is more closely associated to the increase in duration of a sustained 
voluntary isometric exercise. Twelve male and twelve female right­
handed students were placed in four random groups with equal numbers of 
each sex in each group. Each group was assigned either 25, 50, 75, or 
100 per cent maximum voluntary isometric contractions a.ft.er each stu­
dent was given a maximum strength test with the cable tensiometer on 
the forearm nexors. The endurance test consisted of determining the 
volume of oxygen consumption per minute during sustained contractions 
at the prescribed tension. Three groups tested at their respective 
contractions while the 100 per cent group was tested at the 25, 50, and 
75 per cent contractions. Each student completed a sustained voluntary 
muscle contraction at his prescribed intensity for as long as he could, 
while breathing into a respirometer to measure his oxygen consumption. 
The training program consisted of one sustained voluntary contraction 
daily, five times each week. When the mean duration showed a signifi­
cant increase, the training ceased. The groups that trained with 
contractions of 50, 75, and 100 per cent of maximum voluntary contrac­
tion, showed significant increases in strength, but not endurance, 
while the 25 per cent group increased in endurance, but not strength. 
The increased duration of contractions at percentages greater than 
50 per cent maximum appeared to be due to increa�ed strength. Hence, 
9 
measuring cardiovascular endurance by the duration of a sustained 
voluntary isometric contraction at percentages greater than 25 seems 
unjustified. Numerous studies have revealed that endurance training 
results in a decrease in oxygen consumption for a given work load. In 
addition, it seems that endurance is not improved by strength training 
since the hypertrophy resulting from strength training involves a 
reduction of diffusional surface area per unit volume of muscle fiber, 
and would thus reduce the oxygen . supply •12 
Mann and his co-workers designed a training program to· 
determine the effects of different intensities and types of exercises 
upon certain physical fitness factors in males varying in age from 
twenty-five to sixty years. The purpose of the program was to accom­
plish maximum improvement in physical fitness during a six-month 
period. The exercise regimen included a series of calisthenics, with 
alternated periods of walking, jogging, and running. The increase in 
ti tness (measured by treadmill) was continuous and highly significant. 
A mean increment o� 5.6 ml of oxygen/min/kg of body weight left no 
doubt that the exercise treatment was sufficient to improve fitness. In 
fact it was found that three sessions per week produced measurable 
change, and more training did not add to these changes. Results indi­
cated that a trained person can maintain these improvements and his 
ti tness with as little as one intense training session per week, 
12Doyice Cotten, "Relationship of the Duration of Sustained 
Voluntary Isometric Contraction to Changes in Endurance and Strength, " 
Research Quarterly, J8aJ66-J74, October, 1967. 
requiring no more than thirty minutes time, An analysis of variance 
showed that men forty-six to fifty-nine years old experienced changes 
10 
as favorable as those of younger men, It appears that age is not a 
deterrent to undertaking this kind of preventative program. Results 
further showed that the amount of exercise necessary to achieve fitness 
is different from the amount necessary to maintain this fitness, It 
was observed that during conditioning intensity must be low and the 
time long in order to avoid impairments and maintain morale. As 
fitness develops, the intensity can be increased and the time expendi­
ture shortened, Mann and his associates_feel that an efficient training 
program requires at least three sessions weekly, while an efficient 
maintenance program can require as little as one-half h_our per week, It 
is of passing interest that race horse trainers do not find it necessary 
to subject conditioned horses to intense daily workouts in order to 
maintain their condition, Indeed they have found that daily workouts 
may be detrimental. The requirements and folk beliefs of athletic 
programs should not obscure the needs of middle-aged men seeking health 
protection, 13 
Shephard, at the time of this publication, was involved in 
research for the purpose of determining the influence of intensity, 
duration, and frequency of exercise upon aerobic capacity, The initial 
aerobic capacity of Shephard's subjects involved in this particular 
13Mann, et al,, "Exercise to Prevent Coronary Heart Disease 
(An Experimental Study of the Effects of Training on Risk Factors For 
Coronary Disease in Man), " American Journal of Medicine, 46112-27, 
January, 1969, 
11 
study was a mean value of 35,6 ml o2/kg/min. The training program 
involved exercising at one of three intensities& 35, 65, or 90 per 
cent of maximal heart rate, The subjects exercised for five, ten, and 
twenty minutes, and at frequencies of one, two, or three times weekly. 
At this point in the study two variables have distinctly influenced the 
training response. One is the intensity of the exercise, while the 
other is the initial fitness level of the subject. Shephard suggests 
that the threshold of activity for sedentary individuals can be lower 
than the reconnnended 135-150 beats per minute and still produce a 
training response. He further explains that pulse rates of 120 beats 
per minute are o.ften times foreign to most sedentary individuals and 
that initial physical activity programs should attempt to reach an 
intensity level able to initiate this level of heart rate response. 14 
Kirby studied the effects of five exercise programs of dif.fer­
ent amounts upon the development of certain physical .fitness components. 
The initial .fitness of the 120 male college students was determined by 
the Harvard Step Test and JCR Test. The identical tests were used upon 
completion of the six-week program. Classes met three times each week. 
Within the limits o.f investigation it appeared that cardiovascular 
fitness can be significantly improved by engaging in a few activities 
vigorously in addition to the basic classes. Furthermore it may have 
been that it was the intensity of effort applied while exercising, even 
14a. J. Shephard, "Commentaries," Canadian Medical Association 
Journal, 961899, March, 1967. 
if it was only a single exercise of but a few seconds duration, that 
was the major factor in conditioning rather than time spent or number 
of repetitions and/or number of exercises involved in the exercise 
program. 15 
Jackson and his co-workers compared the effects of various 
training frequencies on the level of cardiorespiratory endurance in 
.college men. Twenty undergraduate .males (17-23 years) were randomly 
assigned to one of four training groups or a control group. The 
training program consisted of running at seven miles per hour for ten 
minutes on the treadmill either for one, two, three, or five times 
weekly with the control group remaining inactive. The treadmill was 
elevated one degree upon completion of the previous day's training. 
The Astrand-Rhyming Step Test, Modified Balke Test, and Taylor, 
12 
Busld.rk, Henschel Maximal Oxygen Intake Test were all administered be­
fore and after the five-week training program. The two, three, and 
five-day groups all increased to the seven per cent grade. The 
significant difference among the groups was between the one-day-a-week 
group and the other three active groups. Group five was significantly 
better than the -others in the Balke Test, while the A-R nomogram pre­
dicted a greater maximal oxygen uptake in groups two and three over the 
remaining groups. The results indicate that training two or three times 
weekly might be as beneficial as five times per week. The five-day 
1�onald F. Kirby, "The Effects of Various Exercise Programs 
InvolVing Different Amounts of Exercise on the Development of Certain 
Components of Physical Fitness, " (unpublished Doctoral dissertation, 
Louisiana State University, Baton Rouge, 1966), pp. 1-112. 
program may have been too difficult to allow optimal adaptation in the 
subjects, and it seemed that the frequency and severity of exertion 
should be adjusted to the fitness level of the subjects.16 
13 
Hilton investigated the effects of three long distance running 
programs and an isometric exercise program on the development of 
cardiovascular efficiency. Four hundred sixty-three male college 
students participated in the expe�ment after being given the Harvard 
Step Test as an initial measure of cardiovascular fitness. Each subject 
was assigned to one of four programs1 long-distance running for 10, 20, 
or JO minute sessions, or a program of isometric exercises. All groups 
trained four days per week for seven weeks after which the Harvard Step 
Test was again administered. All four programs produced significant 
cardiovascular efficiency gains with no significant differences among 
the three running groups (despite the differences in duration), but they 
were all superior to the isometric group. For subjects of low initial 
cardiovascular fitness, all four programs are effective in improving 
cardiovascular efficiency. 17 
16Jay H. Jackson, et al. , "Cardiorespiratory Adaptations to 
Training at Specified Frequencies, " Research Quarterly, 391295-300, 
May, 1968. 
17George Coble Milton, "The Effects of Three programs of Long­
Distance Running and an Isomettj.c Exercise Program on the Development 
of Cardiovascular Efficiency," (unpublished Doctoral dissertation, 
Louisiana State University, B�ton Rouge, 1966), pp. 1-95. 
249761 U f T ... _ E ITY LIBRARY 
14 
Roskamm conducted a study using various patterns of exercise 
to determine the effects upon healthy adults. Initial fitness levels 
were established for each of eight soldiers by a steady state bicycle 
ergometer test. The subjects were equated into four groups and placed 
in a four week training program meeting one-half hour daily. Group I 
peddled steadily at a 70 per cent maximal heart rate. Group II worked 
at a rate 50 per cent higher than I for one minute, then dropped to a 
rate 50 per cent lower for one minute, simulating interval training. 
Group III was the same as Group II except that intervals were two and 
one-half minutes in duration. Group IV was a control group and did not 
participate. All participants were retested upon completion of the 
four week training program. The steady training done by Group I was 
more effective in decreasing the heart rate at rest and during exercise 
than the other groups. Interval training produced the best results in 
increasing the maximal working capacity. 18 
Kasch and Boyer advocated a seventy per cent level of intensity 
as the optimal level of work to improve the maximum oxygen uptake or 
circulatory capacity in adults. They cite studies made by Astrand et al. 
and Karvoven to calculate the heart rate in percentage of working capac­
ity. These studies enabled Kasch and Boyer to establish the desired 
exercise intensity by monitoring the heart rate. The authors suggest 
that in order to make changes or improvements in cardiovascular function, 
the exercise heart beat should be at the sixty per cent level during the 
first three months of training and then progress to the seventy per cent 
18i-J. Roskamm, tt0ptimum Patterns of Exercise for Healthy Adults," 
The Canadian Medical Association Journal, 961895-899, March 25, 1967. 
level after the initial three month period. This working level must 
be sustained for a period of several minutes, up to fifteen minutes or 
longer. Using this method Kasch and associates exercised sedentary 
middle-aged American males three times each week, sixty minutes each 
period and found an average increase in maximal working capacity of 
twenty per cent after twelve months. The first three months consisted 
mostly of calisthenics and "easy" intermittent running, walking. The 
last nine months consisted of twenty to twenty-five minutes of calis­
thenic$ and thirty to thirty-five minutes of intermittent running 
followed by five minutes of flexibility cool-down exercises. Improve-
15 
ments in cardiovascular condition were reflected by the changes in 
maximal oxygen uptake values in these forty to sixty-year-old men. The 
experimental group experienced a twenty per cent improvement over a 
period of twelve months progressing .from )2. 0 ml/min/kg to 38.5 
ml/min/kg, while the control group remained the same. 19 
Bake organized a study to determine the effects of programs of 
rope skipping and jogging upon cardiovascular efficiency. Ninety-two 
male students were randomly divided into two groups. Group I skipped 
rope for ten minutes daily at a rate of 125 to 170 turns per minute, 
while Group II jogged thirty minutes daily. The program lasted six 
weeks, and the participants gradually increased the intensity of their 
activity as they progressed. The subjects were pre and post-tested with 
19Fred W. Kasch, Ed. D. and John L. Boyer, M. D. , Adult Fitness 
Principles and Practices, (Greeley, Colorado, All American Productions 
and Publications, 1968), pp. 29-Jl. 
the Harvard Step Test to determine changes in cardiovascular status. 
Bake found that the daily ten-minute program of rope-skipping was as 
effective as the thirty-minute jogging program in significantly 
improving cardiovascular e�ficiency. 20 
Sharkey and.Holleman attempted to determine quantitatively the 
relationship between intensity of training and the level of endurance 
acquired. Sixteen college men were randomly divided into three 
16 
training groups and one control for a six-week training period involving 
exercises eliciting either 120, 150, or 180 heart rates. Training con� 
sisted of walking on the treadmill for ten minutes a day, three days a 
week. The control group participated in a fencing class. The subjects 
were pre-tested by the Astrand-Rhyming step test. Analysis of group 
differences revealed that the 180 heart rate group's improvement was 
higher than the other groups in both tests. The 150 heart rate group 
was f"ound to be significantly higher than the 120 and control groups in 
the Balke test analysis. The results of this study indicate the need 
�or exertion prompting heart rates above 150 beats per minute. The re­
sults of this study do not preclude the possibility that a submaximal 
stimulus might elicit optional adjustments to endurance training. 
Sharkey and Holleman feel that the establishment of the most efficient 
"system" of training seems less important than the determination of the 
nature and duration of effort required to elicit changes. 21 
20John A. Bake, "Comparison of Rope Skipping and Jogging as 
Methods of Improving Cardiovascular Efficiency of College Men, " Resarch 
Quarterly, 39s240-243, May, 1968. 
21Brian J. Sharkey and John P. Holleman, "Cardiorespiratory 
Adaptations to Training at Specified Intensities," Research Quarterly, 
381698-704, December, 1967. 
McNair determined the effects of four different exercise pro­
grams on the development of cardiovascular fitness, strength, and 
muscular endurance in 120 male college students. The subject� were 
17 
pre and post-tested for cardiovascular condition, leg strength, and leg 
muscular endurance. Each subject trained for six weeks in one of the 
four programs. Within the limits of this study, it was concluded that 
significant gains in cardiovascular fitness, strength, and muscular 
endurance can be brought about by placing the individual under sufficient 
stress. The nature of the conditioning program is not the important 
consideration as long as it is sufficiently strenuous. 22 
Summary. At the present time the relationship between intensity 
and duration of exercise, and the cardiovascular system, relative to 
cardiovascular fitness, is somewhat uncertain. Studies have generally 
agreed that when placed under "sufficient stress, " significant improve­
ments in cardiovascular fitness will result. 23, 24 Just exactly what 
"sufficient stress" entails is a point of general disagreement and con­
fusion for two reasons: (1) limited study on this aspect of condition­
ing and (2) failure to specify the population to which the stress is 
22Daniel P. McNair, "Effects of Different Exercise Programs on 
the Development of Cardiovas(?ular Fitnes�, Strength, and Muscular 
Endurance, " (unpublished Doctoral dissertation, Louisiana State Univer­
sity, Bato� Rouge, 1967), pp. 1-99. 
23rbid. 
24sharkey, 12£. cit. 
going to be applied. Some studies have shown that the harder you 
work, the better the results. 25, 26 It has also been shown that the 
amount of exercise necessary to achieve fitness is different from the 
amount necessary to maintain this fitness. 27, 28 Additional studies 
indicate that submaximal intensities can produce significant cardio­
vascular gains, and in some cases, as significant or more so, than 
18 
_maximal stress. 29, 30, Jl, J2 It has been found that the training 
response is influenced by not only the intensity of exercise, but also 
the initial level of fitness of s�bjects. JJ, J4 Faulkner contends that 
most training programs are developed on the premise that, if some 
training is good, more is better. He further states that: "A sizeable, 
but unknown, safety factor currently exists as to the volume of training 
necessary to provide an optimal training response. "35 
25:rbid. 
26a. A. Holmes, .. The Effects of Various Methods o-:f Training on 
�ndurance and Cardiovascular Tests, " (unpublished Master's thesis, 
University of Illinois, Urbana, 1968), PP• 1-73. 
27 
Mann, loc. cit. 
28arynteson, .QE• cit. , P• 118. 
2%asch, loc • .£.ll• 
31Bake, loc. cit. 
33shephard, 12£• cit. 
32cotten, loc. �. 
34Jackson, loc. �. 
3.5r1. Faullmer, "New Perspectives in Training for Maximal 
Performance, " Journal of the American Medical Association, 
2051741-746, _September, 1968. 
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Literature Related to Effects of Training on Maximum Oxygen Uptake 
( 'i- rn order to determine accurately the · effects of training on the 
cardiorespiratory system, it is of necessity to find measurements which 
will truly reflect any changes that might occur. Maximum oxygen uptake 
has become widely accepted as the primary physiological variable which 
best defines the efficiency or capacity of the cardiovascular and 
respiratory systems. This variable is now regarded as synonymous with 
the term cardiorespiratory fitness, and has even been designated by some 
investigators as the most significant determinant of physical 
fitnes�6, 37 , 38 Because of the vast amount of research which has 
indicated the high reliability of maximum oxygen uptake as a valid 
measurement of cardiorespiratory fitness, it has been widely used in 
studies related to assessment of cardiorespiratory fi tr:-ess. J .Associated 
with this, and also used to reflect cardiorespiratory efficiency, is oxygen 
pulse. Oxygen pulse is defined as the amount of oxygen consumed per heart 
beat, computed by dividing the gross oxygen intake per unit of time by 
heart frequency. 39 It is the purpose of this section · to review pertinent 
36Jack c .  Wilmore, "Maximal Oxygen Intake and Its Relati onship 
to Endurance Capacity on the Bicycle Ergometer, ' Research Quarterl¥, 
40 a 20J-210, March , 1969. 
37c. A. Kheher, D, B. Dill, and William Neufield, "Training and 
Its Effects on Man at Rest and at Work, " American Journal of Physiology, 
136: 148-156, March, 1942. 
38P. o. Astrand, "Human Physical Fitness with Special Reference 
to Sex and Age, "  f_hysiological Reviews , 36 : 307-335, July, 1956. 
39Michael Arthur Sherman, "Maximal Oxygen Intake Changes in 
Experimentally Exercised Junior High School Boys, " (unpublished Doctoral 
dissertati on, University of Illinois, Urbana., 1967 ) ,  PP• 1-223. 
studies relating to effects of training on maximum oxygen uptake and 
oxygen pulse (other associated parameters may also be mentioned in 
these studies).  
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Buskirk and Taylor determined the maximal oxygen uptake values 
of forty-six healthy male college students and thirteen non-students. 
The subjects were classified into four groups according to the physical 
activity in which they were involved. Group I consist�d of twenty-six 
sedentary students, Group II six intramural sports participants, Group 
III nine athletes in football, gymnastics, and wrestling, and Group IV 
consisted of five cross-country runners. The maximal oxygen uptake for 
each group was assessed and the mean values for each group were as 
followsa G,;oup I--52cc, Group II--56cc, Group III--58cc., and Group IV-­
?lcc. It was determined that students who participated in athletics had 
a significantly larger maximal oxygen uptake per kilogram of fat-free 
body weight than the sedentary group. The mean maximal oxygen uptake 
per kilogram of lead body weight for these groups increased roughly in 
proportion to the amount and type of physical conditioning that each 
group had undergone. 40 
Sinning and Adrian conducted a study to determine the effects of 
physical activity on women as measured by certain parameters. The 
study included an experimental group of seven members of a women's 
collegiate basketball team and a control group composed of eight 
40Ellsworth Buskirk and Henry Longstreet Taylor, "Maximal 
Oxygen Intake and Its Relation to Body Composition with Special 
Reference to Chronic Physical Activity and Obesity. " Journal of Applied 
Physiology, 11 : 72-78, July, 1957. 
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nonparticipants. The training program was a basketball season consisting 
of twenty-five organized practices and seven games in sixty-six days. 
Both groups were pre and post-tested on the bicycle ergometer to 
determine maximal oxygen uptake. The participant group produced signifi­
cantly higher results in test II for maximum oxygen uptake (expressed 
in ml/kg/min or 1/min) .  _ The mean 1.r:crease was 4. 1 ml/kg/min or when 
not adjusted for body weight 2 . 61 1/min. The non-participants (intra­
mural participants)  experienced a slight but not significant increase 
in maximal oxygen uptake.41 
1' Harper used twenty-five ma.le undergraduates from Ohio State to 
study the effects of four different training programs on fitness in man. 
Prior to the start of the training programs all subjects were equated 
by the results of a maximal oxygen uptake test and placed in one of 
three groups .  Group I underwent an interval running program consisting 
of distances of 110 ,  220, 440, and 880 yards .  As the interval running 
program progressed,  the intensity of the running was increased by in­
creasing the number of intervals and decreasing the time for each run 
and the rest time. Group II participated in an army training program 
consisting of daily calisthenics and marching, which increased pro­
gressively from two to twelve miles.  Group III participated in a 
recreational program including daily golfing, swimming and trampolining. 
41wayne E.  Sinning and Marlene J. Adrian, "Cardiorespiratory 
Changes in College Women Due to a Season of Competitive Basketball, "  
Journal of Applied Physiology, 25 : 720-724, December, 1968. 
22 
After seven weeks the groups were retested. Harper found that Group I ,  
involved in interval running, significantly improved their maximal 
oxygen uptake value� while the remaining two groups showed no such 
improvement. 42 
� Grimby and Saltin evaluated the effects of continuous physical 
training from youth up to the ndddle and old ages in thirty-three 
active cross-country runners ages 42�-68. They found that all the 
athletes had maximal oxygen uptake values above the means found for 
similar age group non-athletes in earlier investigations. The mean 
values for the different age groups of the athletes were about 30 per 
cent above what is considered average according to previous information 
compiled.43 
Wilmore evaluated the relationship between max:i.m.a.1 oxygen 
uptake and capacity for endurance performance, using thirty non-athletes 
as subjects. While they rode the bicycle ergometer to exhaustion, the 
maximal oxygen uptake of each man was determined at the point of its 
'.'leveling off" or decline. Each subject took the maximal test twice, 
and a high correlation of . 77 was found between the results of the two 
tests ; i. e. , those who exhibited a high endurance capacity and high 
maximal oxygen uptake on the first test exhibited similar results on the 
42nonald Dewayne Harper, "Effect of Interval, Recreational, and 
Calisthenics and Marching Training Programs on Fitness in Man ,"  
(unpublished Doctoral dissertation , Ohio State University, Columbus,  
1960),  PP• 1-93. 
43aunnary Gimby and Bengt Saltin, "Physiological Analysis of 
Physically Well-Trained Middle Aged and Old Athletes, " Acta, Medica 
Scandinavica , 179 : 513-525, April, 1966. 
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second test. This fairly high degree of correlation between maximal 
oxygen uptake and endurance capacity further substantiated the claims 
of previous investigators as to the validity of using maximal oxygen 
uptakes as a measure of performance capacity and index of cardiovascular 
respiratory fitness. 44 
Cummings, in discussing the importance of cardiovascular health, 
cited studies done by Buskirk and Taylor. Buskirk and Taylor found that 
maximal oxygen uptake was most closely correlated with active tissue 
which is lean body mass minus bone mass. This important study showed 
that per kilogram of active tissue, the maximal oxygen uptake of athletes 
was higher than that of sedentary subjects, indicating that the oxygen 
transport and muscular systems in trained subjects are qualitatively as 
well as quantitatively superior to those of untrained subjects. The 
higher oxygen uptake of athletes is not simply due to an increase in 
muscle mass, but seems to be related to a greater capacity of the heart 
and lungs to deliver oxygen and the muscles to utilize oxygen. 45 
Naughton devised a training program for a forty-eight year old 
subject involving twenty minutes of jogging daily. The subject was 
initially tested on the treadmill to determine his initial level of 
fitness. The training program began by jogging at a two and one-half 
per quarter pace and progressively to a maximum of three to four miles 
in thirty-two minutes (comfortably). Treadmill evaluations were made 
44wilmore, loc. cit. 
45R. B. Cummings, "Physical Fitness and Cardiovascular Health, " 
Circulation, 37 : 4-7, January, 1968. 
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every six months for two years. After two years the subject ' s  maximal 
oxygen uptake had increased from J4. 6 ml/kg body weight to 46. 2 ml/kg 
body weight. These results indicate the ability to reverse the adverse 
effects of aging by means of a consistent program of physical activity.46 
Reuschein et al. studied the effects of five months of vigorous 
training on various pulmonary parameters as determined by submaximal 
work on the bicycle ergometer. Eight freshmen volunteers from the 
University of Wisconsin were tested on the bicycle ergometer before and 
after five months of vigorous physical activity along with a control 
group of eight similar freshmen who were involved in no specific 
activity. Exercise on the bicycle ergometer was performed at four work 
loads of 600, 1000, 1400, and 1800 kpm/min at a pedal rate of approxi­
mately 60 rpm. The work loads were broken down into five minute periods 
with a five minute rest between work loads. Ventilation was measured 
at 3. 5  min/work load. Certain cardiopulmonary responses to training 
were observed in the training group. A reduction in pulse rate in 
relation to work intensity was observed indicating a significant 
increase in the oxygen pulse. Training also increased the predicted 
· 47 value of maximal oxygen uptake by 14 per _cent. 
46John Naughton, M. D. , "Cardiorespiratory Endurance Before and 
After Regular Physical Activity, "  Minnesota Medicine, 51: 619-623, 
May, 1968. 
47Phillip s. Reuschein, et al. , "Effects of Physical Training 
on the Pulmonary Diffusing Capacity During Submaximal Work, " Journal 
of Applied Physiology, 24: 152-158, February, 1968. 
Gualtiere compared the effects of continuous and tempo running 
programs on cardiovascular-pulmonary functions of eighteen male 
25 
volunteer subjects. Three groups were set up and six subjects were 
randomly assigned to each. In addition to the continuous tempo running 
groups a control g roup was devised, the members of which did not 
participate in any specific training program. The training program 
consisted of running three times a week for seventeen weeks. The heart . 
rate response was used to make progressive adjustments in the training 
intensities. All subjects were pre and post-tested on the all-out 
treadmill run where cardiovascular-pulmonary data were collected during 
the submaximal stage. From the post training results on the treadmill 
run, Gualtiere found that tempo training had produced improvement in 
the cardiovascular-pulmonary functions by observing a lower heart rate 
during a fixed submaxirna.l work performance and significant gains in 
maximal oxygen uptake and maximal oxygen pulse. A lower heart rate 
during submaximal work performance was observed in the continuous 
training group while non-significant gains in maximal oxygen uptake and 
max:imal oxygen pulse were observed , implying that the tempo training 
program was more effective for improving maximum oxygen uptake and oxygen 
pulse.48 
48william Salvatere Gualtiere, "A Comparative Study of the 
Effects of Two Training Programs on Blo�d Volume and Cardiovascular 
Pulmonary Functions, (unpublished Doctoral dissertation, University 
of Illinois, Urbana, 1968), PP• 1-83. 
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Ishike investigated the relationship between oxygen pulse and 
aerobic capacity related to body weight per mi.lliter per kilogram among 
Japanese athletes and found correlations of 0. 88 and 0. 97 for oxygen 
pulse, and oxygen pulse related to body weight respectively.49 
'1' Ribisl examined the effects of a five-month endurance training 
program upon the maximal oxygen uptake and several related measures of 
cardio-respi ratory fitness in an experimental group of fifteen sedentary 
middle-aged men (mean age 40. 2 years).  A standard submaxirnal tread­
mill run was administered to evaluate the changes in metabolic and 
cardiovascular efficiency as a result of training. In addition to 
the experimental group, a second group of ten active men participated 
in the endurance training program for comparative purposes. A pre­
diction equation for maximal oxygen uptake was developed through a 
multiple-regression analysis of the combined data for both groups. Upon 
completion of the training program, the subjects were retested to deter­
mine what changes might have occurred due to the training program. Sub­
st_.antial improvements were observed in the experimental group. Maxim.al 
oxygen uptake improved significantly (P < . 0l) from 40. 12 ml/kg/min to 
45. 54 ml/kg/min which represented a mean improvement for all subjects.J 
The maximum oxygen pulse also improved significantly, which, along with 
the maximal oxygen uptake improvement, was reflected by the ability of 
49T. Ishike, "Aerobic Capacity and External Criteria of 
Performance, "· Canadian Medical Association Journal , 96 : 746-749, 
March, 1967. 
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all the subjects to successfully complete the J.5 mile course and 
significantly (P < . 01) decrease their mean time in the two-mile run 
from 17.42 minutes to 14.41 minutes. �lso the subjects performed the 
fixed submaximal work load on the treadmill more efficiently with 
significantly lower heart rates and ventilation rates and a significant 
reduction in oxygen debt (P <. 05). The lower pulmonary ventilation 
rates indicate a corresponding incre-ase in the ventilation equivalence 
for oxygen, indicating an improved efficiency of the respiratory system. 
The physically active group, upon completion of the training program, 
exhibited clear-cut superiority in all measures over the experimental 
group, which indicates that chronic physical activity effectively re­
tarded the characteristic of deterioration that occurs in these measures 
due to advancing age. Superiority by the control group was expected, 
and the significant improvements in aerobic capacity and oxygen pulse 
by the experimental group merely reaffirmed what had been observed in 
the control group prior to and after the training program, that chronic 
physical training will effectively retard and, in fact, reverse the 
deteriorating effects of advancing age upon these measures. 50 
� According to Astrand, oxygen intake capacity partially r�gulates 
work output where large muscle groups are active at high intensity for 
one minute or longer, and provides information about the oxygen trans­
port potential of the cardiovascular system. X strand found that, 
50paul Morgan Ribisl, "Effects of Training Upon the Maximal 
Oxygen - Intake of Middle-Aged Men, "  (unpublished Doctoral dissertation, 
University of Illinois, Urbana, 1967) , PP• 1-155. 
without exception, top endurance athletes have maximal oxygen intake 
values that are quite high, some above 6. 0 liters per minute. 51 
Lester and colleagues investigated the effect of age and 
athletic training on the maximum heart attained muscular exercise. 
28 
9ne hundred and ninety male volunteers between the ages of fifteen and 
seventy-five were measured for maximum heart rate attained during 
treadmill exercise after being classified into two groups, untrained 
and trained. The respective heart rates were recorded by means of a 
physiograph. The results indicated a highly negative correlation be­
tween maximum heart rate and the age of the individual. At any given 
age, the athletes had a slightly but significantly slower maximum heart 
rate than untrained men. 52 
Brynteson found that while the subjects of a five-week training 
program experienced significant improvements in certain areas of 
cardio-vascular fitness, the maximal heart rate values did not change 
significantly. 53 
Summary. The results of numerous investigations on the effects 
of training upon the maximum oxygen uptake can leave little doubt 
5lp. o. A strand, "Measurement of Maximal Aerobic Capacity, " 
Canadian Medical Associati on Journal, 96 : 723-734, March, 1967. 
52M. Lester, et al. , "The Effects of Age and Athletic Training 
on the Maximal Heart Rate During Muscular Exercise, " American Heart 
Journal, 76: 370-376, September, 1968. 
53:sr�teson, .Q.E• �• ,  P• 85. 
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concerning their relationship. XPhysical training, especially endurance 
type training, has been shown to be highly effective in improving the 
maximum oxygen uptake • .54, 55, 56, 57, 58, 59 Accordingly, concommit-
tant increases in oxygen pulse have been observed, which is not unusual 
due to the high correlation that has been found between maximum oxygen 
uptake and oxygen_ pulse. 60, 6l Information concerning the effect of 
training upon maximal heart rate is somewhat less conclusive, and con­
flicting reports have been cited. 62, 63 Studies have also indicated 
that the rate and degree of improvement is related to the intensity of 
the training. 64, 65, 66 
Literature Related to the Effects of Training on Specific Pulmonary 
Parameters 
The specific pulmonary parameters discussed in this section are 
maximum pulmonary ventilation, ventilation equivalence for oxygen, and 
forced expiratory volume for one second. The specific parameters 
.54wilmore, loc. cit. 
55Grimby and Saltin, 
56ifarper, loc. cit. 
58Astrand, loc. cit. 
60J:shike, loc. cit. 
62Lester, loc. cit. 
6L}_guskirk and Taylor, 
65sinning and Adrian, 
66ilarper, loc. cit. 
loc. 
loc. 
loc·. 
cit. 
cit. 
cit. 
57Buskink and Taylor, loc. cit. 
59Ribisl, loc. cit. 
61Reuschein, loc. cit. 
63Brynteson, loc. cit. 
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mentioned have been used in numerous studies as a means to assess 
respiratory efficiency. The purpose of this section is to present some 
of these studies (other parameters will often be mentioned in associ­
ation with the pulmonary measurements due to their interrelatedness).  
Bro.oker compared two types of exercise programs of different 
intensities and durations (,5BX and circuit training) to determine 
· whether different levels of endurance training, as controlled by heart 
rate achieved during each trainin� bout, produced significant differences 
in the efficiency wi th which the same amount of work was performed before 
and after training. Eighteen male undergraduates at Florida State 
University were initially tested to determine responses to two different 
submaximal exercise bouts · on the bicycle ergometer. Upon determination 
of their initial physical status, they were divided into four groupsa 
group I was the control group remaining inactive ; groups two, three, 
and four trained at intensities of 120, 150, and 180 beats per minute 
respectively. The subjects trained five times weekly for six weeks. 
Upon completion of �he training the subjects were retested on the 
bicycle ergometer. Group one showed improvements. Group two exhibited 
no significant changes in efficiency, while groups three and four 
showed a significant decrease in oxygen consumption per square meter 
of body surface and a more efficient pulmonary ventilation. All groups 
reduced the volume of gas moved as a result of training, but only group 
three exhibited significant reductions. Specifically, they had fewer 
pulmonary respirations at rest after training and a significantly 
reduced total ventilation volume after training. The decrease in 
31 
oxygen consumption was directly related to the specific work load. The 
four training programs produced significant changes in efficiency which 
were positively related to intensity. Brooker drew the following con­
clusions from these results : (1) There was a threshold of intensity 
which had to be exceeded in order to increase efficiency; once this 
threshold was exceeded, the increase in efficiency was directly related 
to training intensity; (2) These measures established the necessity to 
exceed 120 heart rate training in order to produce residual effects ; 
(J) There is a discernible relationship between intensity of training, 
and magnitude and direction of change ; (4) The quality and intensity 
of the exercise is more important than the quantity and duration ; 
(5) The rate of improvement depends upon the initial state of fitness, 
and intensity of participation in the training program. 67 
Brynteson conducted an investigation to determine the effects of 
diffe�ent weekly training frequencies of exercise on the retention of 
cardiovascular fitness following a physical conditioning program. 
Twenty male subjects ranging in age from twenty to thirty-eight partici­
pated in a five-week daily conditioning program on the bicycle ergometer 
to improve their cardiovascular fitness level. The subjects worked at 
an intensity level which was eighty per cent of their maximum for thirty 
minutes. Groups I through IV trained one, two, three, and four times a 
week respectively on the bicycle ergometer. The work load was identical 
67charles Brooker, "The Effect on Efficiency of Endurance 
Training Controlled by Heart Rate, " (unpublished Doctoral dissertation, 
Florida State University, Tallahassee, 1966), PP• 1-112. 
J2 
to the load in the conditioning program, The parameters measured in­
cluded maximal oxygen uptake, oxygen pulse, ventilation equivalence and 
forced expiratory volume, Significant changes from Test I and Test II 
were produced in maximal v02 , maximal VE , FEV1. o, per cent FEV1. o of 
'FVC, and oxygen pulse, Group IV was significantly better than Groups I 
and II in maximal Vo2• Group IV was significantly better than Groups I 
and II in oxygen pulse, Group IV achieved a significantly higher 
maximal work load than Groups I and II and Group II was higher than 
Group I. There were no significant differences among the four groups 
• • 
in max:i�al Vo2 expressed as liters per minute, maximal VE, Th-V1. o per 
cent FEV1. o of FVC. The results of Test III indicate that a minimum of 
three or possibly four exercise periods per week are needed to maintain 
cardiovascular fitness,68 
Vrigens investigated the possibility of improving physical 
fitness of adolescents by inserting interval circuit exercises in a 
regular physical education program. An experimental group of eleven 
volunteers was considered fairly equal in anthropometrical measurements 
and functional tests to a group of nine students in a regular physical 
education class, The training program was set at a ninety per cent 
intensity level with the experimental group performing ten circuit 
exercises in addition to the regular physical education classes, while 
the control group participated in the regular physical education classes 
68:srynteson, loc, cit. 
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only. The training program lasted six weeks meeting three times each 
week. Significant increases at the . 001 level of confidence were 
measured in the maximal working capacity and maximal oxygen uptake of 
the experimental group. The more efficient adaptation of circulation 
was also confirmed in the increased oxygen pulse. This points to an 
increased stroke volume and more efficient peripheral gas exchange. 
There was a non-significant increase in the ventilatory equivalent for 
oxygen. Maximum pulmonary ventilation increased significantly at the 
. 05 level of confidence. The control group made no significant gains 
in any of these tests. These results indicated that the physical 
fitness of adolescents can be improved after only a few weeks by in-
, 
serting intensive exercises of short duration in a regular physical 
education program. 69 
Durnin et al. conducted a training program to measure whether 
there was an improvement in physical fitness through varying degrees of 
exercise which had a duration of only ten days. Forty-four untrained 
young men (18-22 years old) were divided into four groups. A control 
group of eight subjects did a minimum of exercise while the three exer­
cise groups of twelve members each walked ten, twenty, and thirty km 
daily respectively. Heart rates of 120--130 beats per minute were 
elicited from the walks in pulmonary ventilation. The subjects we�e 
pre and post-tested, and fitness was assessed by changes in pulmonary 
ventilation, oxygen extraction, oxygen consumption, and heart rate 
69Jacques Vrigens, "The Influence of Interval Circuit Exercises 
on Physical Fitness of Adolescents, " Research Quarterly, 40 : 595-599 , 
October, 1969. 
during a standardized physical test on the treadmill. The most con­
sistent results were obtained from the group who walked twenty kilo­
meters daily. They experienced a significant decrease (P < . Ol) in 
pulmonary ventilation and oxygen consumption during submax:i.m.al exercise, 
The improvements made by the twenty kilometer group were significantly 
better than the control and ten kilometer and thirty kilometer groups 
in pulmonary ventilation and oxygen consumption, indicating that it 
may not be necessary to train at a maximal level to elicit significant 
· improvements. ?O 
Astrand has conducted numerous studies relating to cardio­
vascular fitness, In a comparison of aerobic capacity of elite and 
normal individuals he has found a striking difference in· maximal oxygen 
uptake values, confirming earlier assertions that aerobic capacity is 
an important factor for fitness in endurance, The most outstanding 
characteristic he observed was the elite athlete's high capacity for 
oxygen intake per kilogram of body weight (67 ml or more), Average 
students of the same age recorded oxygen intakes of no more than 
58, 6 ml/kg/min, Some cross-country skiers observed by Astrand recorded 
maximal oxygen intakes as high as 5,88 1/rrrin or 82 ml/kg/bw/min, Notirlng 
_ remarkable was noted in reference to pulmonary ventilation, Such a high 
70J, V, G, A, Durnin, J, H, Brockway, and H, W. Whitcher,  
"Effects of a Short Period of Training of Varying Severity on Some 
Measurements of Physical Fitness, " Journal of Applied Physiology, 
15(1) 1 161-165 , January, 1960. 
35 
aerobic capacity makes possible a high energy output for a long period 
of time. The ability to reach a great pulmonary ventilation i s  not con­
sidered a limiting factor although the questj_on is not cleared up 0 7l 
Saltin and Astrand conducted a study to determine the maximal 
oxygen uptake in ninety-five superbly conditioned Swedi sh male athletes. 
They found that the mean maximal oxygen uptake for the fifteen males 
with the highest values was 5. 75 liters per minute with an upper 
extreme of 6 . 17 1/min. The pulmonary ventilation during maximal 
exercise was found to be very high in champion athletes. Mean maximal 
pulmonary ventilation was 158. 7 ( 140-203) 1/min while the ventilatory 
quotient was a high 28. 72 
Karlsson et al. conducted a study to determine the effects oI 
training upon certain measures of cB,rdiovascular fitness by comparing the 
effects of maximal exercise upon two trained and two untrained male sub­
jects (mean age 28. 5  years) . The subjects were exercised on the tread­
mill at a determined speed which would bring them to exhaustion in four 
minutes .  Maximal oxygen uptake and maximal pulmonary ventilation were 
measured during the exercise • . The maximal oxygen uptake values for the 
trained males were 3. 83 and 4. 23  (1/min) , while the same values in the un­
trained males were 2. 17 and 2 . 60 (1/min). The maximum pulmonary ventila­
tion values were 81. 74 and 87 . 65, and 44. 59 and 47. 03 for the trained and 
71Astrand, loc. E.ll• 
72Bengt Saltin and P. o. Astrand, "Maximal Oxygen Uptake in 
Athletes, " Journal of Applied Physiology, 23 : 353-358, September, 1967. 
untrained subjects respectively (1/min). A marked decrease in oxygen 
pulse was observed in the subjects at the high intensity levels of 
exercise. Ventilation equivalence for oxygen increased in the trained 
subjects. Karlsson et al. concluded that to elicit a maximum training 
effect on the circulatory system, the demand on the oxygen transport 
system probably must be maxi.mum. The observed decrease in oxygen pulse 
. and/or decrease in A-V oxygen difference at the higher work intensities 
speak in favor of a somewhat reduced speed when training the oxygen 
transport system. This reduction in speed implies less  fatigue and 
also makes it possible to increase the volume of training. 73 
Kelly investigated the relationship between selected pulmonary 
.function measurements and cardiovascular fitness as  measured by the 
maximum oxygen uptake test. Thirty-five male volunteers ranged in age 
from twenty to thirty years. Among the selected pulmonary function­
tests given, these were includeda forced expiratory volume for one 
• 
second (FEV1• 0) ,  maximum pulmonary ventilation (Max VE) ,  and ventilation 
• 
equivalence for oxygen (VEo2).  Each test was repeated twice and the 
mean value for the two was accepted as the true value for the test. 
Within the limits of the study, Kelly made the following conclusions, 
(1) that the maximum pulmonary ventilation and the ventilation 
equivalence for oxygen at the time that oxygen is being consumed at 
maximum levels, are highly related to the maximum oxygen uptake test, 
73Jan Karlsson, P. o. Astrand, and Bjorn Ekblom, ''Training -of 
the Oxygen Transport System in Man, "  Journal of Applied Physiology, 
22 : 1061-1065, June, 1967. 
(2 ) that forced expiratory volume in one second is the only functional 
pulmonary measurement that is significantly related to cardiovascular 
fitness . 74 
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Fardy investigated the effects of a ten-week program of soccer 
training followed by five weeks of detraining. Sixteen undergraduate 
college men (aged 19-21) at the University of Illinois were placed in 
either an experimental group or a control group. The experimental 
group engaged in the soccer training program while the control group 
remained inactive. The subjects were tested at four different times 
during the study: (1) before the training period, (2 )  after five 
weeks of the training period, ( 3 ) after ten weeks of training, (4) and 
after five weeks of detraining. The tests were administered at rest, 
during, and after submaximal and maximal rides on the bicycle ergometer. 
The training program consisted of daily sessions, five times weekly, 
of calisthenics, running, and game situations and actual game partici­
pation. Most fitnes s  improvements were achieved after five weeks a s  
shown by a significant reduction in heart rate during a submaximal ride 
on the bicycle ergometer indicating a significantly improved oxygen 
pulse. The athletes improved their ability to respond to an all-out 
work effort as  supported by the significant increase in maximal oxygen 
uptake and maximal pulmonary ventilation (STPD) after five weeks 
training. 75 
74John M. Kelly, " The Relationship Between Selected Mea sures of 
Pulmonary Function and Cardiovascular Fitness, " (unpubli shed Doctoral 
dissertation, Springfield College, Springfield, Massachusetts, 1969), 
pp. 1-173. 
· 75Paul s. Fardy, "Effects of Soccer Training and Detraining Upon 
Selected Cardiac and Metabolic Measures, " Research Quarterly, 40 1 502-
508, October, 1969. 
Summary. In many studies it has been concluded that through 
programs of physical training, certain pulmonary parameters, specifi­
cally Max VE, tE02
, and FEV1• 0, can be improved. 7
6, 77, 78, 79, 80 
Due to results obtained from investigations carried out by Astrand in 
the 1950's, he felt that at that time, a great pulmonary ventilation 
was not considered a limiting fact�r, although the que stion was not 
cleared up at that time. 81 More recent literature has indicated sig­
nificant relationships between specific pulmonary parameters and 
maximal oxygen uptake, and cardiovascular fitness in generai. 82, 8J 
J8 
Also many physical training programs have achieved significant 
improvements in respiratory efficiency at submaximal work levels. 84, 85, 86 
75Paul . S. Fardy, "Effects of Soccer Training and Detraining 
Upon Selected Cardiac and Metabolic Measures, " Research Quarterly, 
401502-508, October, 1969. 
76saltin and Astrand, loc. cit. 
77vrigens, loc. cit. 
7%elly, 1££• cit. 
81Astrand, loc. cit. 
78Erynteson, loc. cit. 
8°Fardy, loc. cit. 
83J3rynteson, loc. cit. 
84Durnin and Brockway and ·whi tcher, 12£• cit. 
8.5J3rooker, loc. cit. - -
CHAPTER III 
METHODS AND PROCEDURES 
Organization of the Study 
The present study was completed over a fourteen-week period 
beginning February 2 and terminating May 7. The physical conditioning 
program was divided into two five-week sessions designated as Training 
Periods I and II. Subjects were pre-tested on all parameters to asse ss  
their initial level of  cardiorespiratory fitness. The paramete rs used 
to measure cardiorespiratory fitness  were1 maximal oxygen uptake, 
maximal pulmonary ventilation, forced expiratory volume for one second, 
ventilation equivalence for oxygen, oxygen pulse, and maximal heart 
rate. Upon completion of Training Period I, the subjects were again 
tested, measuring the same parameters as in the pre-test. P rior to the 
beginning of Training Period II the subjects did not exercise for one 
week due to Easter vacation. The post-test was admini stered after 
Training Period II. · 
The physical conditioning program had two training variables-­
intensity of exercise and duration of exercise with each variable 
having two and three variations re spectively. The intensity levels 
were set at 70 and 80 per cent of the maximal heart rate as e stablished 
by a marimal effort on the bicycle ergometer. The second variable, 
duration of exercise, had three variations :  ten, twenty, and thirty 
minutes of exerci se on the bicycle ergometer. 
A two-by-three factorial design was used to organize the sub­
jects into six separate groups , each differing in either intensity or 
duration or both. The following table illustrates how the groups were 
arranged. 
Intensity 
of the 
Exercise 
Table 1 
Factorial Design of the Study 
Duration of Exercise (time in minutes) 
10 20 30 
40 
7r1/, of the 
maximal 
heart rate Group I Group II Group m 
� of the 
maximal 
heart rate Group IV Group V Group VI 
The number of subjects in each group ranged from seven to ten. 
All subjects trained three times a week on one of three bicycle ergometers 
in the Human Performance Laboratory at South Dakota State University 
according to a schedule determined by the investigator and the subjects. 
Source of the Data 
Initiaily sixty healthy male .freshman volunteers served as sub­
jects for the study. Subjects were randomly selected from the physical 
education basic instruction classes at South Dakota State University 
and divided into equated groups on the basis of their maximal oxygen 
uptake results  in Test I. Due to reasons beyond the control of the 
investigator, a number of subjects had to be dropped from the study 
during its aci-rn.j.nistration. A total of fifty subjects completed all 
phase s of the study. 
Administrati on of the Treatment 
Training Periods I and II had identical procedures.  Each exer­
cise bout wa s administered by the investigator in the Hmna.n Performance 
Laboratory at South Dakota · state University. The subjects exercised 
three days weekly on one of three bicycle ergometers, at their assigned 
levels of intensity and duratj_on of time. A schedule was set up to 
permit each subject to exercise at the same time each day. Upon com­
pletion of each five-week conditioning period, all parameters were 
measured and the values for each were recorded. 
Collection of· the Data 
Data were collected during three different stages of the study: 
prior to Training Period I, after Training Period I, and upon completi on 
of Training Period II. Each testing period consisted of no 1nore than 
six days and no less than four. The investigator generally te sted 
from ten to fifteen subjects each day. Each subject was a ssigned a 
specific time block during which all measurements were taken. The para­
meters measured were : maximal oxygen uptake, maximal pulmonary 
ventilation , maximal heart rate, oxygen pulse, ventilation equivalence 
of oxygen, and forced expiratory volume for one second. 
- .  
Measurement of maximal oxygen uptake, Many studies have been 
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completed concerning the measurement of maximal oxygen uptake, Mitchell 
et al, , in discussing the physiological meaning of the maximal oxygen 
uptake test, refer to Hill for additional interpretation, According to 
Hill, maximal oxygen intake is reached when oxygen intake per unit of 
time has attained its maximum and remains constant owing to the limita­
tions of the circulatory and respiratory systems, In more definitive 
terms, when one subjects a normal. individual to progressively increasing 
work loads, a linear relation between work load and oxygen uptake is 
found until a maximal effort is achieved, at which time oxygen uptake 
levels off, The oxyge� intake which an individual can achieve at a 
maximal effort is considered the best index of maximal cardiovascula r 
function that we have, providing pulmonary function is norma1, 87 
The method by which maximal oxygen uptake was determined in this 
study is based on the above principle, A bicycle ergometer was used to 
provide the exercise nece·ssary to incur a maximal physical effort, 
Each subject pedaled at a speed of 60 rpm ' s  per minute with an initial 
work load of zero kilograms , The resistance was increased by one-half 
kilogram each minute thereafter until the subject could not continue due 
to exhaustion . 
The open-circuit method was used in collecting samples of 
expired air. The gas volume measurements were corrected to STPD (stand­
ard temperature--0° Centigrade, 760 milliliters atmospheric pressure, and 
free of water vapor ) . Gas samples were collected during the last thirty 
87Jere H. Mitchell, Brian J .  �proule, and Carleton B . Chapman, 
"The Physiological Meaning of the Maximal 9�gen Intake Test, " Journal 
of Clinical Investigati on, )7 : 538-.547, April, 1958, 
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seconds of each minute the subject was riding the bicycle ergometer. 
The gas samples were collected in small rubber bags for analysis. The 
Godart Pulmoanalysor was used to analyze the gas samples. 
Oxygen uptake results were assumed to be maximal upon considera­
tion of certain related physiological parameters which werea an oxygen 
uptake difference of less than 150 milliliters between two successive 
work loads, no further increment in the heart rate, a respiratory 
quotient above 1. 00, and a condition of hyperventilation. If these 
indicators were not present, the subjects were retested. 
Measurement of maximal pulmonary ventilation. Maximal pulmonary 
ventilation was measured during the maximal oxygen uptake test. It was 
the largest quantity of air expired during any given minute of the 
exercise. The gas volumes we.re corrected to BTPS (body temperature, 
ambient atmospheric pressure. and saturated with water vapor). 
Measurement of maximal heart rate. The heart rates of all 
subjects were recorded on a physiograph with an electrode being placed 
under each pectoralis major muscle to transmit the heart beat, and a 
ground electrode on the back of the neck. The distance between the R 
waves of each heart beat was •counted for the final twenty-second period 
during the last three minutes of exercise and multipled by three. The 
greatest number of beats counted during any twenty-second period was 
accepted as the maximal heart rate. 
Measurement of oxygen pulse. · Oxygen pulse wa s determ..i.ned for 
the period during which maximal oxygen uptake wa s reached, in order 
that the maximal measurement of oxygen pulse could be calculated. The 
formula for determining oxygen pulse 1. s s 88 
. oxygen pulse = Maximum V02 (1/min) 
pulse frequency 
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Mea surement of ventilation equivalence for oxygen. Ventilation 
equivalence for ox.ygen was determined by the maximal oxygen uptake 
value and the max.i.mal pulmonary ventilati on value. The measure indicates 
the efficiency of' the di ffusion of oxygen from the lungs to the blood 
stream e The formula u sed for determining this value isa 89 
VEo2 
= Maximal Ventila tion (liters/m.in STPD) X 100 
Maximum -0-02 
Measurament of forced expirator:r volume in one second. The 
forced expiratory volume for one second was measured with a 13 . 5  liter 
Collins-Motley Re spirometer and a kymograph. Prior to the test, each 
subject was instructed as to the proper procedure and given a demonstra­
tion. The pr ocedure was :  (1 )  a nose clip was placed upon the nose of 
the subject, ( 2 )  the subject wa s instructed to take a maximum inspira­
tion and place the mouthpiece to the mouth, (3 )  the subject then 
88i.1. A , Sherman , "Maximal Oxygen Intake Changes in Experimentally 
Exerci sed Juni or High School Boys, "  (unpubli shed Doctoral dissertation, 
Unive1·sity of Illinoi s, Urbana, 1967 ) ,  PP• 1-223.  
89Benjamin Ricci, Physiological Basis of Human Performance, 
(Philadelphia : Lea and Febiger, 1967), P • 252 .  
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performed an expiration as forcibly and rapidly as possible. The sub­
ject was given three trials and the greatest single volume was recorded 
as the forced expiratory volume for one second. For the results the 
investigator read the number of milliliters registered in the first 
second of the forcible expiration, multiplied it  by the conversion fac­
tor (41. 27 ml/mm bell displacement),  and then corrected the volume to 
BTPS. 
Procedure for Collecti on of Data 
All subjects reported to the South Dakota State University 
Human Performance Laboratory during the testing period according to a 
predetermined schedule set up through the collaboration of the investi­
gator and the subjects. Each subject was dressed in gym shorts, 
T-shirt, and tennis shoes. The following procedure was followed for 
the testing periodsa 
1. The necessity for complete cooperation from each subject 
i f  valid results were to be obtained, was emphasized by 
the investigator. 
2. The weight of each subject was recorded. 
3. The purpose of the forced expiratory volume for one 
second test was explained and then administered to 
each subject. Three trials were administered and the 
highest value of the three was recorded. 
4. The next step was the orientation and familiarization 
of the functions of the bicycle ergometer. This pro­
cedure was necessary only in the testing period prior to 
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Training Period I .  The investigator explained the function 
of the bicycle ergometer as related to the testing periods 
and the ·training program. A brief demonstration of the 
proper method of operating the bicycle ergometer was given. 
Each subject was given a brief opportunity to learn the 
proper operation of the ergometer. 
5. The investigator then emphasized the importance of a 
maximum effort upon the bicycle ergometer. Any questions 
by the subjects were answered at that time . 
6.  The three electrodes were then placed in position on the 
chest and back of the neck of the subject, and the electrode 
attachments were then connected to the physiograph for 
purposes of recording the heart rate of the subject. 
7. The seat of the bicycle ergometer was adjusted to fit the 
leg length of each individual, in order to allow almost 
complete extension of the knee at the �edal's lowest point. 
8. Each subject performed a maximum effort ride on the bicycle 
ergometer. During the ride, maximal heart rate, maximum 
oxygen uptake, and maximum pulmonary ventilation were deter­
mined, and oxygen pulse and ventilation equivalence for 
oxygen were computed from these measures. 
9. Upon completion o f  Test Period I, each subject was placed in 
one of the six training groups. 
Of the three testing periods, the only difference among the 
three was the introduction of the bicycle ergometer and the practice 
ride taken during Test Period I .  
CHAPTER IV 
ANALYSIS AND DISCUSSION OF RESULTS 
Organization of the Data for Analysis 
The data presented in this chapter were organized in a manner 
that facilitated the analysis of th� changes that occurred between each 
group ' s  means for the selected parameters on the three successive tests. 
The subjects were divided into six equated groups, and an F ratio was 
computed to determine the significance of the difference among the 
groups. The computational procedure followed to determine each F ratio 
was a Factorial Analysis of Variance Design. 90 When an F ratio was 
significant, _ a _1-test was used to locate where the significant differ­
ences existed between the respective groups. 91 In addition to the above 
analysis, the six group means were combined and a total group mean was 
computed for each variable on each testing occasion. The total group 
mean changes were analyzed to determine if the combined groups 
experienced any significant changes from test to test. To accomplish 
thi s, confidence limits were established for the total group mean and 
if the limits of the total group mean change did not overlap zero at 
the . 05 level of confidence, the change was considered significant. 
90James L. Bruning and B. L. Kintz, Computational Handbook of 
Statistics , (Glenview, Illinois : §cott, Foresman and Company, 1968), 
pp. 25-30. 
9lrbid. , PP• 112-114, 
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Analysis of the Data 
The raw data of the selected cardiorespiratory parameters on 
each of the three tests were used to compute the group means for the 
various tests . The means of the groups are shown in Table 2 .  Analysis 
of variance was computed using the change in each group ' s  means for 
each parameter as the criterion for the analysis. The . 05 level was 
selected as the minimum level of confidence for the acceptance of a 
significant F ratio.  
Table 2 
Mean Results of Selected Parameters 
From Results I, II, and III 
Test I Test II 
Parameter Group Mean Mean 
I 51.17 51. 92 
II 49.13 49. 64  
Maximal Vo2 III 50. 99 52. 98 
(ml/kg/min) IV 49. 68 49.44 
49.63 .50.55 
47.10 49. 10 
Total Group Mean 49. 60 50.60 
I 141. 80 147 . 99 
II 130. 52 148. 79 
Maximal VE III 126.44 158. 03 
(1/m:in BTPS) IV 1.56. 69 163 . 85 
126 .10 142 . 09 
133. 31 152 . 57 
Total Group Mean 13.5. 86 1.52 . 20 
Test III 
Mean 
53.?5 
50.37 
52.58 
51.47 
51.43 
51.44 
51. 91 
159. 64 
147. 89 
155. 53 
164. 03 
139.49 
145. 99 
1.52 . 09 
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Table 2 (continued) 
Test I Test II Test III 
Parameter Group Mean Mean Mean 
I .3. 10 .3 . 18 J . Jl • II 2 . 88 J . 07 J . 19 
VE02 III 2-. 67 J . 18 J . 16 (1/100 ml STPD) IV J. 01 J .2J J . 15 
V 2 . 68 J . 07 3 . 09 
VI 2 . 96 J . OJ 2 . 90 
Total Group Mean 2 . 88 J . 1.3 J . 1.3 
I 4129 4095 4067 
II 4170 4J06 4204 
FEV1. o  
III 4288 445J 4J97 
IV 4553 4567 4516 
(ml BTPS) V 4165 4179 4102 
VI 4505 4613 4619 
Total Group Mean 4302 4369 4Jl7 
I 193 192 191 
II 185 188 18J 
Maximal Heart Rate III 190 191 191 
(beats/min) IV 191 l9J 191 
V 186 189 188 
VI 192 189 187 
Total Group Mean 190 190 188 
I 18.46 18. 95 19. 75 
II 18. 83 19. 05 19. 58 
Oxygen Pulse III 19 . 62 20. 27 20 . 10 
(ml/heart beat) 
IV 20 . 89 20 .46 21 .40 
V 18. 39 19. 65 20 . 83 
Total Group Mean 19. 12 19 • .54 20 . 09 
Results :rrom Test I to Test II. The results of the analysis 
of variance for the changes obtained from Test I and II are shown in 
Table J. An F ratio of 5.87 for maximal VE, with respect to the 
variable of duration of exercise, indicated a significant difference 
among the three diff�rent duration groups at the . 01 level of confi­
dence. An F ratio of 4. 16 for tEo2 with respect to an interaction of 
the two variables, intensity and duration, indicated a significant 
difference among the six different intensity-duration groups at the 
• 05 level of confidence. The F ratios for maximal V02, maximal heart 
rate, o2 pulse, and FEV1. o indicated that no significant difference 
among the changes in the six group means had occurred with respect to 
either intensity, duration or an interaction of the two. 
Parameter 
Maximal VO
z 
{ml/kg/min) 
Maximal V
E 
(1/min BTPS) 
Table 3 
Analysis of Variance of the Change in Group Means 
of Selected Parameters Between Test I and Test II 
Source of Sum of Mean 
Variance DF Squares Squares 
Total .50 2, 801. 0345 
l 2, 314.4934 2, 314. 4934 
Intensity l . 0466 . 0466 
Time 2 36 . 5965 18.2982 
Intensity 
X Time 2 . 9341 .4671 
Error 44 459.7896 10. 4497 
Total 50 199, 184. 76 
l 185, 259.47 185, 259. 47 
Intensity l 250. 8242 250. 8242 
Time 2 2, 912. 9879 1, 456. 4939 
Intensity 
376.4329 188. 2165 X Time 2 
Error 44 10, 921.66 248. 2195 
F* 
. o04 
1. 751 
. 045 
1. 010 
5.868 
. 758 
so 
Table J (continued) 
Source of 
Parameter Variance 
Total 
FEV1. o 
MU 
Intensity 
(ml BTPS ) Time 
Intensity 
X Time 
Error 
Total 
MU 
Oxygen Pulse Intensity 
(ml/heart beat) Time 
Intensity 
X Time 
Error 
Total 
MU 
Maximal Intensity 
Heart Rate Time 
(beats/min) Intensity 
X Time 
Error 
Total 
• MU 
VE02 Intensity 
(1/100 ml STPD) Time 
Intensity 
X Time 
Error 
*F . 05 (2/44) = J. 2J 
*F 05 (1/44) = 4. 08 
*F : 01 (2/44) = 5. 18 
*F . 01 (1/44) = 7. Jl 
Sum of 
DF Squares 
50 25, 772 , 976. 
1 20, 86J, 698. 
1 41 , 905.708 
2 94, 875.701 
2 74, o44.29 
44 4, 317 ,484. 
50 1, .541. 1441 
1 1 ,442. 8415 
1 .0509 
2 7 . 288) 
2 5. 1134 
44 73. 5123 
50 29, 078. 
l 26, 142.537 
l 4.7359 
2 77.0405 
2 133. 9371 
44 2 , 220.449 
50 2.52. 3142 
l 24).1866 
l . 0214 
2 . 1537 
2 1. 2722 
44 6. 72)8 
51 
Mean 
Squares F *  
20, 86J , 698. 
41, 905.708 .427 
47 , 4)7 . 85 .48J 
37 , 022 . 145 . J77 
98, 124. 6)6 
1, 442 . 8415 
. 0509 .050 
J .6442 2 . 181 
2.5567 1. 530 
1. 6707 
26, 142 .537 
4.7359 . 094 
)8. 5202 . 763 
66. 9685 1. 327 
50.4648 
24). 1866 
. 0214 . 140 
. 0768 . 503 
. 6J61 4. 163 
. 1,528 
.52 
The results of the t-test for analyzing adjacent mean changes 
:from Test I to Test II in the 10, 20, and JO minute groups are shown 
in Table 4. The mean increase in maximal 'O'E of 17 . 13 1/min in the 
twenty minute groups was significantly greater than the ten minute 
groups ' change of 6. 68 1/rnin. The mean increase of 25. 44  in the thirty 
minute groups was significantly gre3: ter than the twenty minute groups • 
increase (17 . lJ) . 
Table 4 
Results of the t-test Comparing Adjacent Mean - . 
Changes in Maximal VE from Test I to 
Test II for the Duration Variable 
Groups 
C�mpared 
I and IV 
(10 min ) 
II and V 
(20 min) 
vs. 
vs. 
II and V 
(20 min) 
III and VI 
(JO min) 
Mean Changes (1/min) 
6. 68 vs. 17 . 13 
17 . lJ vs . 
*Difference needed to be significant at . 05 = 8. 06 
**Difference needed to be significant at . 01 = ll. 08 
Difference 
10.45* 
8. Jl* 
The results for VE02 f"rom Test I to Test II indicated that 
neither variable exhibited complete dominance in eliciting significant 
differences among the groups. However, the interaction between duration 
• 
and intensity was significant. Table 5 shows the changes in VEo2 for 
the six groups from Test I to Test II. The training group which 
experienced the most positive results was the 80-30 group. However, 
the second best group change was exhibited by the 70-10 group, followed 
by the 70-20 group. · The remaining groups showed mixed and inconsistent 
changes. 
I, II, III 
(70 per cent) 
IV, V ,  VI 
(80 per cent) 
Table 5 
Individual Group Changes in VEo2 from Test I to Test II 
Duration 
10 20 
. 08 . 15 
. 22 . J9 
*Difference needed to be significant at . 05 = . J2 
JO 
. 01 
The results of the combined group mean differences of the 
selected parameters from Test I and II are shown in Table 6 .  By 
using t values based on fifty degrees of freedom the confidence limits 
for significance at the . 05 and . Ol levels of confidence were computed. 
Total mean increases of 16 . 41 1/min and . 22 1/100 ml for the parameters 
• 
maximal VE and �Eo2 respectively were significant at the . Ol level of 
confidence in that their limits did not overlap zero. A total mean o2 
pulse increase of .42 ml/heart beat was significant at the . 05 level of 
• 
confidence. Total mean changes of the parameters maximal vo2 , maximal 
heart rate,. and FEV1. o were not significant. 
Parameter 
Maximal to} 
(ml/kg/min 
• 
Maximal VE 
(1/min BTPS) 
Maximal Heart 
Rate (beats/min) 
Oxygen Pulse 
(ml/heart beat) 
• 
VE02 
(1/100 ml STPD) 
FEV1. o 
(ml BTPS ) 
Table 6 
Total Group Mean Differences 
Betwee� Test I and Test II 
Total Mean 
Difference SEM 
+ . 86 ± . 46 
+16. 41** + -2. 23 
+ 1. 07 + -1.01 
+ . 42* + . 18 -
+ . 22** + . 055 
+
50.74 ±4.43 
Confidence Level 
. 05 . 01 
± . 92 ± 1. 23 
+ 4. 48 + 5. 98 
+ 2.03 + 2.70 - -
+ . 37 + .49 - -
+ + - . 11 .15 
+ -89. 04 
+ -118.72 
* Indicates significance beyond the . 05 level of confidence. 
**  Indicates significance beyond the . 01 level of confidence. 
!. 05 (50) = 2. 01 
!. 01 ( 50) = 2. 68 
Results from Test I to Test III. Results of the analysis or 
variance comparing the changes among group means between Test I and 
• 
III are shown in Tabie 7. · The F ratios for maximal V02, maximal 
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heart rate, 02 pulse, and FEV1. o indicated that no significant changes 
occurred with respect to intensity or duration of exercise, or an 
interaction of the two variables. � significant F ratio of 4. 80 for 
maximal VE was round with respect to the variable intensity of 
exercise, which indicated a significant difference between the 70 and 
80 per cent intensity groups at the . 05 level of confidence. F ratios 
of J. 27 and 4. 01 were found for VEo2 for the variable intensity of 
exercise, and an interaction of the two variables respectively, which 
indicated a significant difference between the two int.ensi ty groups, 
and also a significant difference among the six intensity-du.ration 
groups at the e 05 level of confidence. 
Table 7 
Analysis of Variance of the Change in Group Means of 
Selected Parameters Between Test I and Test III 
Source of 
Parameter Variance 
Total 
Maximal V02 Intensity 
(ml./kg/min) Time 
Intensity 
X Time 
Error 
DF 
.50 
1 
1 
2 
2 
44 
Sum of 
Squares 
3, 998.4574 
3, 311. 1353 
9. 2576 
15. 5795 
26.7505 
589.6126 
Mean 
Squares 
J, 311. 1353 
9. 2576 
?. ?897 
. 691 
. 581 
13. 3752 . 998 
lJ.4003 
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Table 7 (continued) 
Source of" Sum of" Mean 
Parameter Variance DF Squares Squares 
Total 50 199, 966.7 
• MU 1 184, 487 . 04 184, 487. o4  
Maximal VE Intensity 1 1, 302 , 5231 1, 302 ,5231 4. 795 
(1/min BTPS) Time 2 570.6235 285. 3118 1. 050 
Intensity 
X Time 2 30J .268J 1.51. 6342 . 558 
Error 44 - 11, 953. 3 271. 6659 
Total 50 1, 952. 5161 
MO 1 1, 755, 33 1, 755. 33 
Oxygen Pulse Intensity 1 . 9792 . 9792 . 339 
(ml./heart beat) Time 2 B.6669 4. JJJ4 1 .500 
Intensity 
X Time 2 16.4661 a. 2331 2 . 851 
Error 44 127. 0722 2 . 8880 
Total 50 20, 403, 535. 
MU 1 17, 362, 875. 17, 362, 875. 
Intensity 1 59, 673. 525 59,673. 525 1. 001 
FEV1. o Time 2 69, 6J4. 383 34, 817 . 191 . 584 
(ml BTPS) Intensity 
X Time 2 57, 341.203 28, 670. 601 . 481 
Error 44 2, 623,430. 59, 623.409 
Total 50 24, 290. 
MlJ 1 21, 80.5 . 541 21, 80.5 • .541 
Maximal Intensity 1 . 0077 . 0077 . ooo 
Heart Rate Time 2 20.2789 10. 1395 . 209 
(beats/min) Intensity 
X Time 2 2.52, 5303 126. 2652 2 . 599 
Error 44 2, 137 . 335 48. 5758 
Total 50 2.58. 0153 
• MU l 248. 3118 248, 3118 
VE02 Intensity l .4037 .4037 J. 268 
(1/100 ml STPD) Time 2 . 3228 . 1614 1 . 306 
Intensity 
X · Time 2 , 9918 .49.59 4. 014 
Error 44 .5,4354 . 123.5 
*F . 0.5(2/44) = J, 23 *F. 05(1/44) = 4. 08 
*F • 01( 2/44) = 5 .18 
*F� o1(1/44) = 7 . Jl 
• • 
'l'he re sults of the .!:-test analyzing maximal VE and VEo2 group 
mean changes  between Test I and III are shown in Tables 8 and 9 
re spectively. A mean maximal VE increase of 21 . 44  1/min achieved by 
the 70  per cent intensity groups was significantly greater than the 
11. 14 1/min increase achieved by the 80 per cent intensity groups at 
the . 05 level of confidence. A meap VEo2 increase of . 34  by the 70  
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per cent intensity g roups was significantly greater than the . 16 increase 
achieved by the 80 per cent intensity groups at the . 05 level of 
confidence. 
Table 8 
Results of the t-test Comparing the Change in Maximal 
Pulmonary Ventilation Group Means for the Variable 
of Intensity Between Test I and Test III 
Group 
I, II, III 
(7 0 per cent) 
IV, V, VI 
( 80 per cent) 
I, II, III 
(70 per cent) 
IV, V ,  VI 
( 80 per  cent) 
Mean 
Change ( 1/min) 
21.44 
11, 14 
21.44 
*Difference needed to be significant at . 05 = ·6. 80 
.• 
11. 14 
10. 30 
Significant difference s in VEa2 changes occurred among the inter-
action of the six groups from Test I to Test III. Changes in the VE02 
values are sho-wn in 'l'able 10 .  Table 9 showed that the 80 per cent 
groups were significantly better with respect to VEo2• Table 10 more 
specifically indicates  that the 80-30 group was the most efficient of all 
the groups. 
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Table 9 
Results of the 1-test Comparing the Change in Ventilation 
Equivalence for Oxygen Group Means for the Variable 
of Intensity Between Test I and Test III 
I, II, III 
(70 per cent) 
IV, V, VI 
(80 per cent) 
Mean Chang~e 
(1/100 ml) 
.34  
I, II, III 
(70 per cent) 
.34  
*Dif£erence needed to be significant at . 0.5 = . 14 
I, II, III 
(70 per cent) 
IV, V, VI 
(80 per cent) 
Table 10 
Individual Group Changes in VEo2 :from Test I to Test III 
Duration 
10 20 
. 21 . 31 
. 1.5 .41 
*Difference needed to be significant at . 0.5 = . 28 
IV, V, VI 
(80 per cent) 
. 16 
. 18* 
30 
.59 
The results of the total combined group mean differences of the 
selected parameters .from Test I and III are shown in Table 11. Total 
• 
group mean increases of 2 . 21 ml/kg/min for maximal to2, 16 . 29 1/min for 
• • 
VE, . 98 ml/heartbeat for oxygen pulse and . 25 1/100 ml for VEo2 were 
significant changes at the • 01 level of confidence since their confidence 
limits did not overlap zero. Total group mean decreases of . 93 maximal 
heart beats/min and 6 .44 ml FEV1. o were not significant changes at the 
. 05 level of confidence . 
Parameter 
• 
Maximal VO} 
{ml/kg/min 
• 
Maximal VE 
(1/min) 
Maximal Heart 
Rate (beats/min) 
Oxygen Pulse 
(ml/heart beat) 
ho2 
(1/100 ml STPD) 
FEV1. o 
(ml BTPS) 
Table 11 
Total Group Mean Differences 
Between Test I and Test III 
Total Mean 
Difference SEM 
+ 2 . 21** + . 60 
�6. 29** ! 2 . 23 
. 93 + . 984 
+ . 98** + . • 24 
+ + . 05 . 25** 
- 6 .44 
+ -34. 53 
Confidence Level 
. 05 . 01 
± 1 . 21 ± 1. 61 
± 4. 68 ± 6. 24 
± 1. 98 ± 2. 64 
+ .48 + . 64  
+ + 
. 10 . 13 
+ -69. 40 ±92.54 
*Indicates significance beyond the .05 level of confidence . 
**Indicates significance beyond the . 01 level of confidence . 
t . 05(50) = 2 . 01 
t . 01(50)  = 2 . 68 
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Discussion of Results 
• 
Significant F ratios for maximal VE with respect to duration, 
and VEo2 with respect to interaction of the two variables were obtained 
:from the analysis of the groups ' mean changes from Test I to Test II 
indicating significant differences had occurred between at least two 
groups for each of the two parameters. The t-tests indicated that the 
twenty minute groups experienced significantly greater maximal VE 
increases than the ten minute groups at the . 05 level of confidence. 
Also the thirty minute groups had significantly greater increases than 
the twen�y minute groups at the . 05 level of confidence. VEo2 results 
indicated that the 80-30 group experienced the most positive results, 
while the second best group change was exhibited by the 70-10 group, 
followed by the 70-20 group. Significant total group mean increases 
• • 
occurred for the parameters maximal VE, VEo2, and 02 pulse. Total group 
• 
mean changes for the parameters maximal V02, maximal heart rate, and 
FEV1. o, were not significant . 
Significant F ratios for maximal VE and VEo2 with respect to 
intensity and interaction of the two variables, were obtained from the 
analysis of the groups ' mean changes from Test I to Test III. The t­
test results indicated that the 70 per cent intensity groups achieved 
significantly greater maximal VE increases than the 80 per cent intensity 
• 
groups. The mean VEo
2 
increases for the 70 per cent intensity groups 
were found to be significantly greater than for the 80 per cent groups, 
while with respect to an interaction of the two variables, the 80-30 
group exhibited the most positive. This implies that 80 per cent 
intensity was not necessarily ideal at all duration variations used 
with respect to VEo2• Significant total group mean differences f'rom 
• • 
Test I to Test III occurred for the parameters ma:x::i.ma.l vo2, maximal VE, 
• 
Oz pulse, and VEo2• The total group mean values for the parameters 
maximal heart rate and FEV1•0 did not change significantly. 
It is apparent from the maximal V02 measurements derived from 
Test I that the total group had a very high initial level of fitness • 
• 
The total group mean value for maximal V02 was 49. 60 ml./kg/zrrl:n. Cooper 
classifies indi tiduals with oxygen uptake values of 52 ml/kg/min or 
better as being in "excellent" condition. 92 As can be seen, the mean 
value for the total group closely approaches this category. Balke ' s  
range o f  classification categorizes this group as being in "very good" 
condition in reference to maximal vo2 . 9
3 In recent studies Brynteson 
• 
reported a mean maximal V02 value for twenty males, ranging in age from 
twenty to J8 years old, to be 42 mJ./kg/min at the beginning of the 
training program. 94 In a study completed by Shephar4, the initial 
92Kenneth H. Cooper, M. D. , Aerobics, (New York : M .  Evans and 
Company, 1968) , p .  J6. 
9.Ji3runo Balke and R. T .  Clark, "Cardio-Pulmonary and Metabolic 
Efrects of Physical Training , "  Health and Fitness in the Modern World ,  
(The Athletic Institute , 1961),  P • 84. 
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94p _ H .  Brynteson, "The Effects of Training Frequencies on the 
Retention of Cardiovascular Fitness,"  (unpublished Doctoral dissertation , 
Springfield College ,  Springfield, .Ma�sa�husetts, 1969), PP• 1-115. 
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aerobic capacity of his subjects was a mean value of 35.6 ml/kg/min. 
These figures indicate that, at the outset of the training program, the 
total group involved in this study was in far better physical condition 
than the average adult popul.ation. 95 
The initial level or fitness of subjects involved in any 
training program should be consid�red, �Tith respect to the training 
necessary to achieve a significant improvement in fitness. 96 That is, 
the initial level of fitness can distinctly infiuence the training 
response. 97 Consequently, the higher the initial level of fitness, 
the greater must be the .. su.f"£icient stress" necessary to bring about 
significant gains in fitness. 98 
No significant change in maximal V02 values occurred between 
Test I and Test II , but significant increases were achieved between 
Test I and Test III . However, there were no significant differences 
among the groups. These results indicate that the initial level of fit­
ness of the subjects may have been too high to be _affected by the submaxi­
ma.l training program in a five-wee� training period. Brooker studied the 
effects of submaximal training upon the fitness levels of college 
9_5a. J. Shephard, "Commentaries" Canadian Medical Association 
Journal, 96: 899, March, 1967 
96Jay H. Jackson, et al. , "Cardiorespiratory Adaptations to · 
Training at Specified Frequencies, '.' Research Quarterly, 39 : 29.5-300, 
May, 1968. 
97shephard, 12£• �-
98Daniel P. McNair, "Effects of Different Exercise Programs on 
the Development of' Cardiovascular Fitness, Strength, and Muscular 
Endurance, " (unpublished Doctoral dissertation, Louisiana State 
University, Baton Rouge ),  PP • 1-99. 
6J 
students and concluded that there was a threshold of intensity which 
had to be exceeded to increase efficiency, and that the rate of 
improvement depends upon the initial state of fitness and the intensity 
of participation in the program. 99 
The · results indicate that very little effort is needed to 
maintain a high level of fitness. Results of studies by Mann and his 
·co-workers support this idea. Their results indicated that the amount 
of exercise necessary to maintain fitness is different than the amount 
necessary to achieve fitness. Mann further indicated that a trained 
person can maintain fitness with as little as one intense training 
session per week, requiring no more than thirty minutes time. lOO 
Results of this study concur with those of Brynteson who f'ound 
that a level of fitness could be maintained with less exercise than 
that amount required to elicit increases in fitness. 101 
With respect to frequency of exercise, the three day per week 
training program utilized by the investigator was apparently sufficient 
to maintain the level of fitness of the subjects. Mann and his 
associates feel that efficient maintenance programs can require as 
99charles Brooker, "The Effect on Efficiency of Endurance 
Training Controlled by Heart _ Rate, " (unpublished Doctoral dissertation, 
Florida State University, Tallahas�ee, 1966),  PP • i-112. 
lO�nn. et al. , "Exercise to Prevent . Coronary Heart Disease 
(An Experimental Study of the Effects of Training On Risk Factors For 
Coronary Disease in Man) , American Journal of Medicine, 46 : 12-27, 
January, 1969. 
101Brynteson, .QE• ill• , P • 118. 
little as one-half hour per week. 102 Results by Jackson and his 
associates indicated that training two or three times weekly may be 
as beneficial as five times per week. lOJ 
The results achieved for other parameters were varied. No 
significant change in maximal heart rate was observed throughout the 
program. Failure of maximal heart rate values to be significantly 
affected by a training program was in accordance with results by 
Bryntesonl04 and Faria105 who observed no significant changes in 
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maximal heart rate upon completion of submaxi.mal training programs. 
These results are in disagreement with those of Cooper who claimed that 
maximal heart rate can be significantly lowered through training. 106 
No significant change in FEV1. o throughout the training program 
concurs with results recorded by Sinning and Adrian who reported no 
significant changes in FEV1. o values in women after _ completing a season 
of basketbau. 107 These results disagree with those of Brynteson who 
reported significant increases in FEV1. o values upon completion of a 
submaximal training program. 108 
102Mann et al. , loc. cit. 
lo4Brynteson, .Q.E• ill• , P•  92. 
lOJJackson et al. ,  loc. cit. 
10.5J:rvin Edwin Faria, "Cardiovascular Responses to Exercise as 
Innuenced by Training of Vari�us Intensities," (unpublished Doctoral 
dissertation, Stanford University, . California, . 1968) , PP • 1-92 •. 
106cooper, .22• cit, , P• lo4. 
107wayne E. Sinning and Marlene J. Adrian, "Cardiorespiratory 
Changes in College Women Due to a Season of Competitive Basketball, " 
Journal of Applied Physiology, 25 , 720-724, December, 1968. 
108.srynteson, .QE.• ill• , P • 93. 
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The significant increase in total group mean oxygen pulse values 
from Test I to Test III was not surprising due to the close relationship 
between oxygen pulse and maximal VOz as shown by the high correlation 
(. 88) found between these two pa rameters, as reported by Ishiko. l09 
Results of this study agree with those of Reuschein et al. who 
studied the effects of submaximal �ork on certain ca rdiorespiratory 
parameters. A reduction in pulse rate in relation to work intensity was 
observed indicating a significant increase in oxygen pulse, while the 
predicted value of maximal VOz increased by fourteen per cent. 110 
Brynteson111 and Gaultiere112 also found significant improvements in 
oxygen pulse through submaximal training. 
Further results of this study revealed that significant changes 
• • 
occurred in maximal VE and VEo2 values among the groups. The results 
were consistent, in that both parameters significantly increased during 
the training program, but were also somewhat conflicting in that 
different variables were shown to be responsible for significant changes 
in the two five-week training periods. From Test I to Test II results 
indicated that the variable of intensity was primarily responsible for 
109r. Ishiko, "Aerobic Capacity and External Criteria of 
Pe rformance, " Canadian Medical Association Journal, 96 : 746-749, 1967 . 
llOPhillip s .  Reuschein et al. , .. Effects of Physical Training 
on the Pulmonary Diffusing Capacity Durir:ig Submaximal Work, " Journal 
of Applied Physiology, 24: 152-158, F�bruary, 1968. 
lllBrynteson, .2E• cit. , P •  87 • 
112william s .  Gualtiere , "A Comparative Study of the Effects of 
Two Programs on Blood Volume and Cardiovascular Pulmonary Functions, " 
(unpublished Doctoral dissertation, University of Illinois, Urbana, 1968), 
PP • 1-8.3. 
eliciting significant terminal differences among the groups. The 70 
per cent groups increased to a greater extent than did the 80 per cent 
groups. The fact that VEo2 increased significantly along with maximal 
66 
VE is not diffic�t _to understand since tEo2 values are totally dependent 
• • 
upon the values of m.aximal vo2 and maximal VE, as can be seen by the 
formula. 113 Since the maximal VE increase was not accompanied by a con-
current maximal V02 increase, the ensuing result was a significant 
increase in VE02, indicating a decrease in ventilatory efficiency of the 
lungs. In effect, this indicates that the 70 per cent intensity groups 
were significantly inferior to the 80 per cent groups in ventilatory 
efficiency, due primarily to the increased maximal VE without an accom-
panied increase in maximal VOz. These results concur with the opinion 
held by Astrand concerning maximal VE who feels this parameter is not 
th · t f · 1 v· o2 • 114 luf--....! -- v· a li)1;iting factor in e improvemen o maxima �U:UU-ITlal o2 
has been widely accepted a s  the primary physiological determinant of 
cardiorespiratory fitness. 115 The increased maximal VE did not contribute 
to an improved maximal V02 among the six groups, and merely succeeded in 
lowering the ventilatory erficiency of the 70 per cent intensity groups. 
113peter V, Karpovich, Physiology of Muscular Activ:it�, (sixth edition, Philadelphia and London : W. B. Saunders Company, 19 5), 
PP• 130-148. 
114p .  o. Astrand, "Measurement of :tvfa.ximal Aerobic Ca.paci ty, " 
Canadian Medical Association Journal, 96 : 723-734, March, 1967. 
115p . o . Astrand, "Human Physical Fitness with Special Reference 
to Sex and Age , " Physiological Reviews, 36: 307-335, July, 1956. 
The indication that the variable of intensity was the 
dominant factor in producing significant terminal changes in certain 
cardiorespiratory parameters is in accord with several completed 
research studies. Studies by Shephard, 116 Kirby, 117 Brouha, 118 and 
Brooker119 all report that the intensity of training is probably a 
greater factor on conditioning than the duration of the exercise. 
On the basis of this study, and within the limitations of this 
experiment, the null hypothesis as stated was retained. The investiga­
tor feels that the major reason for the lack of significant differences 
among the groups was due to the very high initial levels of fitness of 
the groups. This indicates that the training program was not physically 
demanding enough to elicit any significant cardiorespiratory differences 
among the groups. 
116shephard, loc. cit. 
ll7Ronald F. Kirby, "The Effects of Various Exercise Programs 
Involving Different Amounts of Exercise on the Development of Certain 
Components of Physical Fitness, " (unpublished Doctoral dissertation, 
Louisiana State University, Bat9n Rouge, 1966), PP• 1-112. 
ll�. Brouha, "Physiology of Training, Including Age and Sex . 
Differences, " The Journal of Sports .Medicine and Physical Fitness, 
2156-58, March, 1962. 
119Brooker, loc. �-
CHAPTER V 
Sill'.IM.ARY, CONCLUSIONS , AND RECOiv.MENDATIONS 
Summary 
The purpose of this study was to determine the effects of 
selected training intensities and durations on the improvement and 
maintenance of cardiorespiratory fitness  as measured by selected 
cardiorespiratory parameters. 
Subjects incorporated into this study were fifty male student 
voluntee�s from the physical education basic instruction classes at 
South Dakota State University. All subjects were pre-tested to assess 
their initial state of fitness as measured by the following parameters : 
• • • 
maximal V02, maximal VE , maximal heart rate, oxygen pulse, VEo2 , and 
FEV1. O • 
Intensity and duration were the two exercise ·variables involYed 
in this physical conditioning program. The intensity levels were set at 
70 and 80 per cent of the subjects '  maximal effort as  computed from the 
maximal heart rate. Duration of exercise was ten, twenty, or thirty 
minutes of exercise on the bicycle ergometer. 
A two-by-three factorial design facilitated the organization of 
six separate exercise groups, each differing in intensity or duration, 
or both. The subjects were divided into equated groups on the basis of 
their max:i.n�l vo2 results in the ini tia1 test. 
The study was comp1eted over a fourteen-week period of time, 
beginning February 2 and terminating Ma.y 7, The training program was 
divided into two five-week training sessions with Test I preceding 
Training Period I, Test II .f,ollowing Training Period I, and Test III 
being administered upon completion of Training Period II. All para­
meters were measured in each of the three tests. 
Analysis of variance was computed to test the significance of 
the differences among the group me_an changes between Test I and Test II, . 
and Test I and Test III. The .!:,-test was utilized to locate the signifi­
cant differences among the groups when the computed F ratio was found to 
be significant at the .05 level of confidence, 
Analysis of variance computed among the mean changes of the 
six groups between Test I and Test II resulted in significant F ratios 
• 
for the parameters maximal VE 
• 
and VEo2 • The significant F ratio for 
maximal VE was found in the variable duration of exercise. Results of 
the t-test comparing adjacent means indicated that the twenty-minute 
groups had significantly greater increases than the ten minute groups, 
while the thirty minute groups had significantly greater increases than 
the twenty minute groups. The significant F ratio for VE02 
was in the 
interaction of the two exercise variables. The results indicated incon­
sistencies in that the 80-30 group was the best followed by the 70-10 
group. The F ratios for the other parameters indicated no significant 
differences among the mean changes in the six groups with respect to 
either the intensity, duration, or an interaction of both. 
Analysis of variance computed among the group mean changes between 
Test I and Test III also resulted in significant F ratios for maximal 
• • • 
VE and VE02 • The signif'icant F ratio for maximal VE, however, �as 
found in the intensity of exercise variable. Significant F ratios for 
• 
VEo2 were found in tlie intensity variable and interaction of the two 
variables. 
• • 
Evaluation of the mean changes of maximal VE and VEo2 through 
the t-test, with respect to the intensity variable, indicated that, 
70 
in both cases, the 70 per cent groups experienced significantly greater 
increases than the 80 per cent groups. Results of the interaction of the 
two variables indicated that the 80-30 group exhibited the most positive 
. . . 
results, These combined results of maximal VE and VEo2 indicated that 
the 70 per cent groups were, in actuality, less efficient with respect 
to ventilation than the 80 per cent groups. The results appear to indi­
cate that the intensity variable was generally the more dominant factor 
responsible for affecting significant mean differences but not necessarily 
at all durations. No significant F ratios were found for the remaining 
parameters. 
Due to the lack of' significant differences among the groups, 
they were combined to compute a total mean f'or analysis of' total group 
changes from Test I to Test II, and Test I to Test III. Combined 
group mean changes between Test I and Test II indicated significant 
• • 
increases in maximal VE and VEo2 at the . 01 level of confidence. The 
mean increase for 02 pulse was significant at the . 05 level of 
confidence, while the mean changes for the remaining parameters were 
not signific�t. Combined group mean changes between Test I and 
• • 
Test III indicated significant increases in maximal V02, maximal VE, 
• 
02 pulse, and VE02 at the . Ol level of confidence after ten weeks of 
physical training. No significant increases for combined group means 
were found for maximal heart rate and FEV1. o. The lack of significant 
statistical results obtained from the analysis of variance among the 
group mean changes between Test I and Test II, and Test I and Test III 
allowed the investigator to retain the null hypothesis of the study. 
Conclusion·s 
Within the limitations described in the study, the following 
conclusions appear warranted. 
1. No overall significant differences occurred among the 
groups in improvement or maintenance of cardiorespiratory 
fitness at the intensities and durations of exercise 
employed in this study. 
2. Due to the initial high state of .fitness of the subjects, 
a five-week training program of this design was not of 
sufficient length to elicit significant cardiorespiratory 
increases, whereas the ten-week training program was of 
sufficient length to affect significant increases in the 
cardiorespiratory levels of the subjects. 
J. Very little exercise was needed to maintain a high level 
of cardiorespiratory fitness. 
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Recommendati ons for Further Study 
Based on the findings of thi s study, the investigator proposes 
the following recom..mendations for further study : 
1 .  That an identical exercise program design be administered 
to an older, more sedentary population where significant 
differences are more likely to occur due to the initial 
lower state of fitness of the subjects. 
2. That similar studies be conducted employing greater inten­
sities and longer durations of exercise. 
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APPENDIX A 
Table 12 
Maximal Oxygen Uptake (ml/kg/min) for 
Individuals in the Three Tests 
Subject Group Test I Test II Test III 
s .  P.  I 62.46 .59 . 13 .58 . 35 
P. J .  I .55.31 .59 . 30 60 .45 
R. G. I 54, 99 .53 . 11 54. 54 
G.  B.  I .51 .36 .50 .88 53.48 
J. s .  I .51. 91 48.86 .56. 98 
K. G. I 47.38 .50. 71 49. 61 
D. N .  I 46 . 12 .55.76 58. 03 
R. V .  E. I 41. 36 40 .88 q4. 28 
L. U. I 49 . 67 48. 64 48 . 02 
Mean 51 . 17 .51. 92 53 . 75 
R. E. II 4.5 . 15 45 .81 48 . 62 
M. z .  II 47. 94 46. oo 4.5. 06 
c .  s .  II 41.85 4,5. 24 46. 0l 
D. s. II 34. 8? 4o. 13 39.86 
J. E. II 61. 66 .57 . 71 60 . 81 
W. M. II 53 . 19 .53.65 53 . 01 
M. B. II .52 • .57 .52. 65 .56. 09 
T. R. II .51 . 98 51.44 50. 37 
H. V. II 51.49 54.31 54,31 
B. W. II .50 . 62 49.45 49 . 73 
Mean 49 . 13 49. 64  .50 . 37 
J .  v. III 48 . 98 49 . 99 49 . 23 
B.  M. III 38 . 77 43. 70 4 .5 . 13 
R. H.  III .56 . 30 .56. 64 53 . 64 
D. V. III 50 .40 .5.5. 55 .57 .46 
c . K.  III 63 . 61 63 .88 64. 87 
D .  L .  III 51.47 53 . 25 47 . 42 
B .  J . III 47 .41 47 .85 50.32 
Mean .50. 99 52 . 98 52 . 58 
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Table 12 (continued) 
Subject Group Test I Test II Test III 
L. s. IV. 38. 97 40. �  J?. 72 
R. R. IV 49. 82 ,52. 80 55. 26 
M. c .  IV 44.24 42. 08 46. Jl 
M. R. IV 41.-46 41. 02 39. 65 
B. o. IV 59. 58 54.99 60.99 
J .  K. IV 57. 28 51. 50 58.23 
B. A. IV 53. 28 52. 61 55. 12 
B. An. IV .52.46 49. 61 59. 09 
L.  Si . IV SO. OJ 53. 53 50. 87 
Mean 49. 68 49.44 51.47 
K. B. V 44. 99 44.98 46.?J 
J . E .  V 43. 69 .52.38 49. 05 
D. T. V 39.78 43. o4 44. 07 
T. B. V .58. 86 5?.38 60. Jl 
R. z .  V .52.16 54.49 53. 60 
L. s .  V 58. 21 55.46 56. 89 
L. H.  V 49. 71 46.11 49.37 
Mean 49. 63 50.55 51.43 
L.  J .  VI 58. 66 58.10 58.71 
P. H. VI .52. 13 51. 31 55. 94 
M. R. VI 39. 60 JB. 58 42. 66 
T. B. VI 39. 68 43.92 47. 28 
D. c .  VI 49. 64 .51.36 49. 88 
D. W. VI 49.?8 56. 54 62. 73 
J. N. VI 44. 27 47.72 51. 08 
M. W. VI 43. 01 45.25 43. 21 
Mean 47. 01 49. 10 51.44 
Total 49. 60 50. 60 51.91 
81 
APPENDIX B 
Table 13 
Maximal Pulmonary Ventilation (1/min BTPS ) 
for Inditiduals in the Three Tests 
Subject Group Test I Test II Test III 
S .  P .  I 102 . 99 111 • .50 11? . 36 
P .  J • I 134.41 138. 12 1.58.60 
R. G. I 160 . 10 166.16 179. 35 
G.  B .  I 177 . 15 184. 34  180 .77 
J .  s .  I 163 �66 166 . 16 184.44 
K. G .  I 132 . 27 168.70 172. 29 
D .  N. I 124. 73 140. 58 160 . 27 
R.  V. E .  I 143. 86 127 . 69 145.44 
L. u .  I 136 . 99 128. 68 138. 26 
Mean 141 . 80 147 . 99 1.59. 64 
R. E. II 13.5. 08 173.42 1.59 .7.5 
M. Z .  II 141 . 19 162 . 99 162 .43 
c. s .  II lo4.4.5 121 .13 123 . 17 " 
D. s .  II 89. 82 103. 86 108.43 
J . E .  II 180 . 88 180 . 23 191 . 36 
W. M. II 16.5.63 177 . 02 171 . 36 
M. B .  II 108. 86 11? . 7.5 12.5. 29 
T. R.  II 143 . 43 169 .21 16.5. 01 
H .  V. II 93. 23 119. 23 110. 24 
B .  W .  II . 142 . 59 163. 03 161 . 88 
Mean 130 . 52 148.79 147 . 89 
J .  v. III 130 .43 146 . 92 143 . 96 
B .  M. III 106 . 86' 142 . 65 151 . 99 
R. H .  III 129.47 184.13 1.56 .44 
D .  V. III 95 . 66 146. 08 1.59 .36 
C . K .  III 1.52. 10 1.57 .41 164. 0.5 
D .  L .  III 139.47 155.57 13.5. 76 
B .  J • III 131 . 12 173. 45 177 . 1.5 
Mean 126.44 158. 03 155 • .53 
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Table lJ ( continued) 
Subject Group Test I Test II Test III 
L. S .  IV 170. 60 168.49 168. 58 
R. R. IV 134. 51 159. 18 17J . 35 
M. c. IV . 113 . 9.5 121. 61 116 . 27 
M. R .  IV 148.40 160. 38 161. 64 
B. o. IV 146 , 61 157 . 76 154. J9 
J • K. IV 152 . 01 151. 26 161. 0.5 
B. A.  IV 210. 80 222. 81 217 . 56 
B .  An.  IV 167 .48 168. 27 168 • .54 
L. Si . IV 165. 84 164. 89 154. 92 
Mean 156. 69 16J. 8.5 164. 03 
K .  B. V 155.48 157. 28 150. 52 
J. E. V 81. J8 128. 26 lll . 09 
D. T .  V 108. 53 162. 04 163 . 88 
T.  B.  V 155. 50 153. 58 150. 29 
R. z. V 114. 38 117 . 77 135. 54 
L. S .  V 152 . 94  161. 93 153. 05 
L. H. V 114.47 llJ . 74 112 . 04  
Mean 126. 10 142 . 09 139. 49 
L.  J • VI 98. 29 145.75 142 . 92 
P. H.  VI 1.57 • .52 177. 60 170 . 81 
M. R. VI 130.43 128.47 141. 80 
T .  B. VI 106 .7.5 123. 74 131. 49 
D. C. VI 135. 68 163 .20 149 .46 
D. W .  VI 130 . 08 162 . 90 118. 72 
J .  N .  VI 174 .93 17.5. 04 172 . 93 
M. W.  VI 132 . 82 14J , 87 139. 78 
Mean 133. 31 1.52 .57 14.5 . 99 
Total 135. 86 1.52 . 20 152 . 09 
s. P. 
P.  J. 
R.  G. 
G.  B.  
J .  s. 
K .  G. 
D. N. 
R. V. E. 
L. u. 
Mean 
R. E.  
M. z. 
c .  s .  
D. S.  
J . E. 
w. M. 
M. B. 
T.  R.  
H.  V. 
B .  W. 
Mean 
J .  v. 
B. M. 
R. H. 
D. V. 
C .  K .  
D.  L .  
B .  J • 
Mean 
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Table 14 
Maximal Heart Rates (heart beats/min) ror 
Individuals in the Three Tests 
I ·· 189 192 
I 186 186 
I 207 201 
I 2o4 204 
I 183 183 
I 186 198 
I 198 195 
I 189 195 
I 198 177 
193 192 
II 180 189 
II 189 19.5 
II 183 186 
II 159 168 
II 204 210 
II 186 1?7 
II 195 192 
II 198 201 
II 177 183 
II 180 180 
185 188 
III 198 198 
III 180 186 
III 189 192 
III 201 204 
III 192 186 
III 183 189 
III 189 192 
190 191 
BJ 
192 
189 
207 
198 
174 
192 
192 
192 
180 
191 
174 
186 
177 
174 
198 
180 
189 
195 
180 
180 
183 
204 
186 
189 
207 
186 
180 
192 
191 
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Table 14 (continued) 
Subject Group Test I Test II Test III 
L. s. IV 177 189 180 
R.  R. IV 192 198 201 
M. c . IV 195 195 189 
M. R. IV - 195 192 201 
B.  O.  IV 198 198 195 
J .  K .  IV 192 198 204 
B. A. IV 195 198 186 
B.  An. IV 177 180 174 
L.  Si . IV 195 189 189 
Mean 191 193 191 
K .  B. V 195 195 192 
J . E . V 177 189 177 
D. T .  V 180 198 192 
T. B. V 183 183 183 
R. z. V 186 183 195 
L. s. V 189 180 186 
L. H. V 195 195 192 
Mean 186 189 188 
L. J • VI 198 204 198 
P. H .  VI 192 177 180 
M. R.  .VI 192 186 192 
T. B. VI 195 192 183 
D. c. VI 201 204 204 
D. W. VI 198 186 180 
J • N.  VI 174 177 171 
M. W. VI 186 189 189 
Mean 192 189 187 
Total 190 190 188 
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Table 15 
Oxygen Pulse (ml/heart beat) for 
Individuals in the Three Tests 
Subject Group Test I Test II Test III 
s. P .  I 19. 08 18. 20 18. 23 
P .  J • I 19. 23 20. 93 20, 35 
R, G. I 20. 19 19, 82 19. 15 
G.  B. I 17 . 85 17. 91 19,40 
J .  s. I 17 . 28 16. 26 20. 09 
K .  G ,  I 19. 91 19. 79 20. 79 
D.  N, I 16. 20 20. 14 21. 57 
R,  V, E .  I 19. 00 18, 30 19, 71 
L, U ,  I 17 .44 19. 24 18.43 
Mean 18.46 18. 95 19, 75 
R. E .  II 20. 29 19, 94 22 , 77 
M, z. II 17 , 76 t6. 73 17 . 62 
c .  s. II 18. 19 19. 35 20. 68 
D. S ,  II 13. 96 14. 77 14. 26 
J. E.  II 22 . 26 20. 36 2J. 04 
W. M. II 20 . 29 21. 34 19 • .54 
M. B. II 16 . 54  19. 82 18.48 
T .  R. II 18.49 18. 50 18. 90 
H.  V. II 18. 83 18. 62 19. 06 
B.  W,  II 21. 71 21.11 21 .44 
Mean 18. 83 19. 05 19. 58 
J .  v. III 20 . 13 20.43 19, 30 
B, M. III 16. 25 17 . 73 18, 53 
R. H. III 21.12 20 . 78 19. 74 
D, V, III 15. 84 17 . 82 18. 04  
c. K .  III 22 . 59 23 . 89 23. ao _ 
D, L .  III 20 . 33 20 .49 18. 80 
B. J .  III 21. 10 20 . 73 22. 52 
Mean 19 . 62 20. 27 20. 10 
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Table 15 (continued) 
Subject Group Test I Test II Test III 
L. s. IV 19 . 62 19. 3.5 18. 96 
R. R. IV 18. 99 19. 52 19.87 
M. c.  IV 15. 26 14. 71 16. 48 
M. R. IV 20.49 20. 69 17 . 94 
B .  0 ,  IV 21. 07 19. 31 21 . 89 
. J .  K . IV 19. 97 19. 14 18.81 
B.  A .  IV 26. 33 2.5.73 28. 96 
B .  An. IV · 25.19 23. 30 28.40 
L. Si . IV 21. 08 22 . 40 21 . 29 
Mean 20.89 20. 46 21 . 40 
K .  B.  V 18.46 18.45 19. 36 
J .  E, V 14 .25 16. 38 1.5. 75 
D. T. V 15. 97 15. 51 16. 69 
T. B.  V 23.88 23 .43 23. 67 
R. z. V 16. 84  18. 14 17 . 28 
L,  s. V 23. 02 23 • .59 21 . 41 
L. H. V 17. 15 16. 34 17 . 88 
Mean 18. 51 18.83 18. 86 
L. J .  VI 17 . 24 16. 96 18. 78 
P. H. VI 22 .89 23. 06 24 .44 
M .  R. VI 15. 94  16. 03 17 • .57 
T. B .  VI 1.5. 90 17 . 60 19. 26 
D. C . VI 16. 95 18 • .55 17 . 23 
D. W. VI 17 .83 21 . 28 24 . 71 
M. W. VI 19. 76 20. 46 19. 64 
Mean 18. 39 19. 6.5 20.83 
Total 19 . 12 19 • .54 20. 09 
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Table 16 
Ventilation Equivalence for Oxygen (1/100 ml STPD) 
For Individuals in the Three Tests 
Subject Group Test I Test II Test III 
s . P. I 2 . :n 2 .49 2. 6J 
P .  J .  I J. 16 2 .8J J . 24 
R. G .  I 2 . 60 J .24 J. 55 
G. B. I J . 7J 3 . 94 J. 64 
J .  s .  I 4 . 18 4 . 27 4 . 10 
K .  G. I 2 .77 3 . 34 J . 39 
D. N .  I 2 . 96 2 . 79 3 . 02 
R. V. E.  I J. 06 2 . 79 2 . 99 
L.  U. I J. 08 2 . 93 J. 24 
Mean 3 . 10 3 . 18 J . Jl 
R. E.  II 2 . 99 2 . 90 . 3 . 12 
M. z .  II 3 . 27 J .88 3 . 89 
c.  s. II 2. 43 2 . 61 2 . 64  
D .  S, II J. 14 3 . 27 3 .40 
J. E, II J. JO J. 29 3 . 25 
W. M. II J . 14 J. 11 J . 82  
M. B. II 2 . 62 2 . 40 2 . 82 
T. R. II J. 16 3 . 53 3 . 42 
H.  V. II l.8J 2 . 69 2 . 52 
B.  W. II 2 .88 J . 02 3 . 01 
Mean 2 .88 3, 07 3 . 19 
J .  v. III 2 . 55 2 .85 2 . 86  
B. M, III 2. 83 3, 38 J.43 
R. H,  III 2 . 69 3. 58 3 .29 
D. V. III 2. J4 3 . 14 3, 33 
c .  K ,  III 2 .8J 2 . 75 2 . 90 
D.  L .  III 2 ,87 3 , 13 3 . 12 
B .  J , III 2 . 55 J.40 3 . 19 
Mean J. 01 J.2J 3 . 15 
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Table 16 (continued) 
Subject Group Test I Test II Test III 
L. s. IV J.82 3. 79 J.82 
R. R. IV 2. 82 3. 22 J. J2 
M. C .  IV 3.10 J. 29 2.86 
M. R. IV J.01 J. lJ J.47 
B. o. IV 2. 92 J.05 2.82 
J. K. IV 2.85 J.12 J. 28 
B. A. IV J. 15 J.41 J. 1.5 
B. An. IV 2. 92 J. oo 2. 67 
L. Si. IV 2. 50 J. 04 2. 99 
Mean J.01 J. 2J J.15 
K. B. V J. J6 J.40 J. 17 
J. E. V 2. 61 J. 22 J. 10 
D. T. V 2. 93 4. 10 4·. 02 
T. B. V 2. 28 2 • .56 2.71 
R. z. V 2.41 2.77 J.08 
L. s. V 2.32 2. 64 2. 99 
L. H. V 2.77 2. 77 2. 53 
Mean 2. 68 J. O? J.09 
L. J • VI 2. 24 3.29 2. 39 
P. H. VI 2.79 J. 34· J.05 
M. R. VI J. Jl J. J4 3.29 
T. B. VI 2.81 2. 96 2. 92 
D. c . VI J.06 2. 61 3.33 
D. W .  VI 2.87 J.14 2. 10 
J. N. VI J.79 2. 68 J. 17 
M. W. VI 2.82 2. 91 2. 94 
Mean 2. 96 J.0J 2. 90 
Total 2.88 J. 13 3 . 13 
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Table 17 
Forced Expiratory Volume for One Second (ml BTPS) 
for Individuals in the Three Tests 
Subject Group Test I Test II Test III 
s. P. I 3299 2995 3143 
. P. J. I 3948 4062 3744 
R. G. I 5146 4947 4903 
G. B. I 4392 4215 4303 
J. s. I . 3944 3.527 2616 
K.  G. I 42.56 4545 4568 
D. N. I 3948 4299 4210 
R. V. E� I 4082 4077 4038 
L. U. I 4143 4188 4082 
Mean 4129 4095 4067 
R. E.  II 4836 4925 4804 
M. z. II 3682 3923 3744 
c . s. II 405.5 4680 4390 
D. s.  II 3377 3129 3404 
J . E. II 4368 4303 4303 
W. M. II 3941 . 4215 3923 
M. B. II 3766 4189 40.56 
T. R. II .5572 .5531 5554 
H. V. II 4298 4390 4323 
B. W. II J801 3782 3.53.5 
Mean 4170 4306 4204 
J .  v. III 4078 4299 4232 
B. M. III 3704 4584 4J03 
R. H .  III 4J88 4680 4433 
D. V. III 3990 4434 4170 
c. K. III 4858 '+747 4814 
D. L. III 4138 4126 4212 
B.  J .  III 4858 4299 4612 
Mean 4288 4453 4397 
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Table 17 (Continued) 
Subject Group Test I Test II Test III 
L. s. IV 5348 5306 5113 
R. R. IV 4170 4814 4613 
M. c. IV 3239 3083 3298 
M. R.  IV 5146 4725 4835 
B. o. IV 4030 3882 3926 
J. K. IV 4052 4168 4165 
B. A. IV 5.549 .5457 .5465 B. An. IV '+367 4991 4568 
L. Si. IV 5079 4680 4658 
Mean 4553 4567 4516 
K. B. V 4215 4168 4235 J. E. V 3365 3614 3438 D. T. V 4078 3948 40ll T. B. V 4390 4591 434? 
R. z. V 4501 4279 42.54 L .  S. V 4658 4614 4,526 L. H. V 3948 4038 3904 
Mean 4165 4179 4102 
L. J. VI 4593 4302 3993 P. H. VI 4210 4347 4481 M� R. VI 4323 4121 3833 T. B. VI 5082 5103 4122 D. c . VI 3817 4103 4122 D. W. VI 4180 4437 4299 J .  N. VI 4814 4970 4747 M. W. VI 5021 5.523 _5421 
Mean 4505 4613 4619 
Total 4302 4369 431? 
